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The  Reversionary  (or  Prospective)  and  Collective  Methods  of 
Valuing  Widows'  Funds,  with  some  Notes  on  the  Valuation 
of  the  Church  of  Ireland  Widows'  and  Orphans'  Fund. 
By  Charles  E.  Howell,  M.A.,  LL.D.,  Secretary  at  the 
Dublin  Office  of  the  Standard  Life  Assurance  Company. 

[Eead  before  the  Institute,  24  November  1919.] 

Introductory. 

EvERY  Church  of  Ireland  clergyman  whose  stipend  is  payable 
through  the  Representative  Church  Body  (the  body  in  whom 
the  funds  of  the  Church  were  vested  at  its  dis-establishment) 
must  become,  and  is  designated,  a  compulsory  member  of  its 
Widows'  and  Orphans'  Fund,  which  was  founded  in  1876.  If  the 
member  be  unmarried  and  not  more  than  35  years  of  age  at 
date  of  entry  he  is  charged  the  normal  subscription  of  £6  per 
annum,  payable  quarterly  ;  while,  if  he  be  married  or  aged 
more  than  35  years  at  date  of  entry,  he  must  pay  such 
subscription  as  the  Board  of  the  Fund,  by  the  advice  of  its 
actuary,  may  determine. 

But  in  any  case  where  the  quoted  subscription  exceeds  £6, 
the  member  may  elect  to  pay  the  smaller  contribution,  becoming, 
if  he  so  elects,  a  "  partial  "  contributor,  whose  widow  and  orphans 
are  entitled  to  receive  annuities  reduced  in  such  proportion  to 
the  full  annuities  as  £6  bears  to  the  quoted  contribution. 
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Clergymen  whose  stipends  are  not  payable  by  the  repre- 
sentative Body  are  allowed  to  join  as  voluntary  contributors 
on  such  terms  as  the  Board  may  require,  and  members  entering 
the  service  of  the  Church  of  England,  or  going  abroad  as 
missionaries,  are  transferred  to  the  voluntary  class. 

Members  joining  the  voluntary  class,  and  compulsory 
members  married  or  aged  over  35  years  at  entry,  must  submit 
to  medical  examination. 

There  are  no  entrance  fees,  marriage  taxes  or  disparity 
fines. 

The  benefits  are  : 

(a)  A  widows'  annuity,  terminating  on  re-marriage  ; 

(b)  An  annuity  to  each  orphan,  ceasing  at  age  21,  or, 

in  the  case  of  a  girl,  at  earlier  marriage.  If  there  be 
no  widow  alive  at  the  death  of  the  member,  each 
orphan's  annuity  falls  to  be  increased  by  one-fifth  of 
the  amount  which  would  have  been  payable  if  there 
had  been  one,  not  more  than  five  children,  of  course, 
participating  in  this  increase  at  any  one  time. 
The  progress  of  the  Fund  may  be  shown  as  follows  : 


Date 

Number  of 
Members 

Number  of 
Widows 

Widow's 
Annuity 

Number  of 
Orphans 

Orphan's 
Annuity* 

£ 

£ 

31  December 

1877  ... 

24 

... 

1886  ... 

240 

3 

33 

"s 

5 

1891  ... 

427 

6 

33 

18 

5 

1896  ... 

600 

9 

33 

21 

5 

1901  ... 

754 

20 

38 

45 

5 

>> 

1906  ... 

906 

30 

38 

50 

5 

J  J 

1911  ... 

1,111 

47 

40 

46 

5 

30  September  1916  ... 

1,216 

72 

45 

49 

5 

*  Subject  to  increase  as  stated. 


Of  the  1,216  members  of  the  Fund  in  1916,  there  were  191  in 
the  voluntary  class. 

Eight  valuations  of  the  Fund  have  been  made,  the  first  in 
1881,  the  last  in  1916.  I  have  been  responsible  for  the  last 
three. 

In  addition  to  a  valuation  by  its  own  actuary,  the  Board 
has  on  occasions  requisitioned  outside  advice,  and  thus  it  comes 
that  the  late  Mr.  Meikle  reported  on  some  of  the  earlier  investi- 
gations, and  that  Mr.  George  King  has  reported  on  the  1901, 
1906  and  1911  valuations. 

I  cannot  say  what  the  origin  of  this  somewhat  unusual 
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practice  was  ;  but,  as  to  its  continuance,  the  Board  may  have 
wished  to  support  itself  by  outstanding  authority  when  it  found 
that,  in  consequence  of  the  normal  increase  of  the  Fund,  it  was 
subjected  in  the  General  Synod,  the  Parliament  of  the  Church, 
and  in  the  clerical  press  to  hostile  and  ignorant  criticism. 

The  consequence  of  this  practice  is  that  I  have  had  the 
privilege  of  having  been  associated  with  Mr.  King  in  important 
work,  and  all  the  processes  employed  by  me  in  my  valuations, 
and  to  be  described  hereafter,  have  been  approved  by  him. 

It  is  perhaps  due  to  Mr.  King  that  I  should  state  here  that 
this  paper  has  been  prepared  without  any  reference  to  him,  and 
that  I  am  solely  responsible  for  any  opinions  expressed  or  com- 
ments made. 

Valuation  by  Keversionary  (or  Prospective)  Method. 

A  Widows'  Fund  may  be  valued  by  the  reversionary  annuity 
method  or  by  what  is  indifferently  known  as  the  collective  or 
varying  assurance  method. 

The  procedure  to  be  followed  under  the  former  plan  may 
perhaps  best  be  illustrated  by  reciting  the  benefits  to  be  valued 
when  it  is  adopted,  and  by  indicating  formulas,  suitably  modified 
to  meet  in  small  matters  of  detail  the  circumstances  of  each 
particular  fund,  which  may  with  substantial  accuracy  be  employed 
in  their  valuation. 

Apart  from  annuities  to  existing  widows,  which  if  we  ignore, 
as  is  usually  done,  the  contingency  of  re-marriage  of  the  annui- 
tants, present  no  difficulties,  the  following  benefits  have  to  be 
valued  : 

Benefit  (i). — Annuities  to  existing  wives  who  may  be  left 
widows.    Valuation  formula  : 


where  y  is  the  nearest  age  of  the  wife,  and  x  the  nearest  age 
of  the  husband  at  date  of  valuation. 

Benefit  (ii). — Annuities  to  widows  left  by  first  marriages  of 
present  bachelors.    Valuation  formula  : 

where  {bm)x+n  denotes  the  number  of  bachelors  out  of  (bl)x 
alive  at  age  x  who  marry  in  the  year  of  age  x  +  n  to  x  +  n  +  1 . 
s  denotes  the  average  age  at  date  of  marriage  of  the  wives  of 
bachelors  who  marry  in  the  year  of  age  x-\-n  to#  +  ?z  +  l. 

b  2 


4 


The  Reversionary  (or  Prospective)  and  Collective  [ApftiL 


The  assumption  is  made  that  marriage  takes  place  on  the 
average  in  the  middle  of  the  year. 

Benefit  (iii). — Annuities  to  widows  left  by  next  marriages 
of  widowers.    Valuation  formula  : 

/— 7T  2  (wm)  x+nvn+ *ax +n+u  r 

\Wl)x 

where  (wiri)x+n  denotes  the  number  out  of  {wl)x  widowers  alive 
at  age  x  who  re-marry  in  the  year  x  +  n  to  x  +  n-\-l  on  the 
average  in  the  middle  of  it.  r  denotes  the  average  age  at  date 
of  marriage  of  the  wives  of  widowers  re-marrying  in  year  of 
age  x  +  n  to  x  +  n  -f  1 . 

Benefit  (iv) . — Annuities  to  widows  left  by  the  next  marriages 
of  presently  married  men.    Valuation  formula  : 

If  p  be  the  average  age  of  the  existing  wives  of  members 
aged  x,  and  if  we  denote  the  value  of  Benefit  (iii)  in  the  case 
of  a  widower  aged  x  by  (wmd)x,  the  formula  for  this  benefit 
may  be  written 

j^Xlx+n^dP  +  nVn+i(wmd)x+n  +  i 

A  formula  can  be  devised  on  lines  already  indicated  for ' 
annuities  to  widows  who  may  be  left  by  second  marriages  of 
bachelors,  but  even  then  there  still  remain  annuities  to 
widows  left  by  second  and  subsequent  re-marriages  of  widowers, 
and  by  third  and  subsequent  marriages  of  bachelors  and 
husbands. 

But  while  there  should  be  no  great  difficulty  in  writing  down 
theoretical  formulas  for  the  valuation  of  these  benefits,  the 
actual  compilation  of  tables  based  thereupon  would  be  extremely 
laborious.  Moreover,  the  data  which  any  fund  can  afford  as  to- 
these  subsequent  marriages  must  be  so  insignificant  as  to  make 
it  useless  to  work  them  up  into  tables.  If,  therefore,  in  a  valuation 
by  the  reversionary  method  any  estimate  of  the  cost  of  these 
remote  liabilities  is  made,  it  would  seem  to  be  inevitable  that  it 
be  made  by  some  arbitrary  plan. 

An  examination  of  the  preceding  formula  shows  that,  if  it 
be  decided  to  value  a  fund  by  the  reversionary  method,  and  by 
the  data  which  it  can  itself  supply,  a  series  of  very  lengthy 
operations  must  be  undertaken.  And  it  will  be  equally  clear 
that  if  the  fund  be  not  very  large,  or  very  old,  and  if  in  either 
case  its  records  have  not  been  completely  and  accurately  kept, 
the  reversionary  method  necessitates  the  employment  of  the 
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published  tables  of  Huie  and  Hewat,  which,  may  have  little  in 
common  with  the  features  of  the  fund. 

This  valuation  plan  certainly  has  the  outstanding  merit  that 
it  enables  prospective  annuities  to  existing  wives  (generally  much 
the  largest  portion  of  the  liabilities  of  any  fund)  to  be  valued 
with  ease  and  celerity  by  a  formula  which  eliminates  all  con- 
tingencies save  mortality. 

All  the  valuations  of  the  Church  of  Ireland  Fund  up  to  1901 
inclusive  were  made  by  the  reversionary  plan  with  Carlisle 
mortality  and  Huie's  tables,  replaced  as  far  as  possible  in  1901 
by  Hewat 's  Scottish  Ministers'"  tables. 

For  many  years,  therefore,  the  periodical  testings  were  made 
by  the  employment  of  an  alien  experience,  and  no  use  whatever 
was  made  of  any  features  which  the  fund  itself  possessed. 

Collective  Method. 

The  last  three  valuations  of  the  fund  were  made  by  the 
collective  method. 

This  does  not  concern  itself  with  individual  cases,  ignores 
class  distinctions  and  does  not  occupy  itself  with  the  separate 
consideration  of  first,  second  or  nth  marriages. 

Starting  with  the  proposition  that  if  a  member  be  a  married 
man  at  the  date  of  his  death  he  will  leave  a  widow,  and  that, 
if  he  be  a  married  man  or  widower  when  he  dies,  he  may  leave 
children,  it  elaborates  the  argument  by  combining  the  probability 
of  marriage  (or  parenthood)  with  the  chance  of  death,  multiplies 
the  product  into  the  value  of  the  benefit  as  at  the  date  when 
it  may  be  entered  upon,  discounts  the  entire  at  interest,  and 
brings  out  a  result  whicn  is  a  function  of  the  present  age  of  the 
member  only. 

If  Wx  denote  the  value  of  an  annuity  of  1  to  the  widow 
who  may  be  left  by  a  member  now  aged  x,  then  the  processes 
of  the  Collective  Method  may  perhaps  be  most  succinctly 
shown  by  quoting  the  formula  given  by  King  in  his  paper 
on  Family  Annuities  (J.I.A.,  vol.  xxx,  p.  308). 

i  r 

Wx=  j-^vtlx  +  t .  fix+thx+t .  dy+tdt 

where  hx+t  is  the  probability  that  at  the  moment  of  age  x  +  t 
a  member  will  be  a  husband  and  y  + 1  is  the  then  age  of  his 
wife. 

In  evaluating  this  integral  by  any  formula  of  approximate 
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summation  it  is  to  be  noted  that,  from  the  manner  in  which  the 
average  ages  of  the  wives  are  obtained — either  by  recording 
them  as  at  the  date  when  they  become  widows,  or  by  taking  the 
average  of  the  ages  of  the  wives  of  existing  members — it  does  not 
necessarily,  or  even  probably,  follow  that,  if  y  be  the  age  of  the 
wife  of  a  husband  aged  x,  y  +  w  will  be  the  age  of  the  wife  of  a 
member  aged  x  +  w. 

In  practical  work  it  will  be  better,  perhaps,  to  discard  the 
calculus  and  to  employ  a  formula  which  will  lend  itself  to  the 
formation  of  commutation  columns. 

Widows'  annuities  in  the  compulsory  class  were  valued  by 
the  following  formula  at  the  last  three  investigations  : 

v\ 

Wx=  ^{dxkxdb  +  vdx+lkx+1dc  +  .  .  .}  ...  (I) 

where 

#  =  age   nearest   birthday  of  member   at   date  of 
valuation, 

kx  =  probability  of  his  being  married  at  age  x-\-  1,  the 

age  at  which,  on  the  average,  death  will  take 
place  if  it  occur  in  the  year  x  to  x  +  \, 

b,c}d,8zc.  =  the  average  age  plus  one  half-year  at  date  of 
widowhood  of  the  widows  left  by  members  dying 
at  age  x,  x  -f  1,  x  +  2,  &c,  or  of  the  existing  wives 
of  members  aged  x,  x-j-1,  x  +  2,  &c,  nearest 
birthday. 

This  formula  may  readily  be  thrown  into  commutation 
form  by  multiplying  numerator  and  denominator  by  vx. 

In  strictness  the  several  values  of  d  employed  in  (I)  should 
be  those  of  annuities  ceasing  at  re-marriage  ;  but  in  his  paper  on 
The  Valuation  of  a  Widow's  Annuity  (T.F.A.,  vol.  ii,  p.  307), 
the  late  V.  Marr  has  shown  that  the  substitution  for  an 
annuity  ceasing  at  re-marriage  of  an  ordinary  life  annuity 
makes  very  little  change  in  the  value  of  W.  Such  small  change 
as  the  substitution  does  make  is  in  the  direction  of  safety,  a 
direction  always  very  popular  with  the  actuarial  mind. 

Having  provided  ourselves  with  a  complete  table  of  W  for 
every  integral  age  of  x,  all  that  is  necessary  in  order  to  make  a 
complete  valuation  of  the  liabilities  of  a  Widows'  Fund  (apart 
from  existing  annuities)  is  to  multiply  the  total  number  of 
members  on  the  fund  ft  each  nearest  birthday,  bachelors, 
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married  men  and  widowers  combined,  into  the  appropriate 
values  of  W. 

Comparison  of  Methods. 

The  superiority  of  the  new  over  the  old  method  would  seem 
to  be  great,  and  it  is  not  easy  to  discover  any  line  of  criticism 
which  would  be  destructive  if  applied  to  one  and  harmless  if 
addressed  to  the  other. 

Examination  of  (I)  shows  that,  apart  from  mortality,  the 
assumptions  involved  are  either  (i)  that  in  every  future  year 
the  proportion  of  bachelors,  husbands  and  widowers  dying  at 
any  age  to  total  members  dying  at  such  age,  and  the  average 
ages  of  wives  on  becoming  widows,  will  be  the  same  as  were 
shown  in  the  table  used  in  the  valuation,  or  (ii)  that  the  ratios 
bachelors,  married  men  and  widowers  to  total  members  existing 
at  each  age  at  date  of  valuation,  and  the  average  ages  of  the 
wives  of  members  existing  at  that  particular  period  shall  not 
vary  in  succeeding  years. 

It  may  be  advanced  in  criticism  of  the  collective  method 
that  these  ratios  and  average  ages  may  not  obtain  in  the  future. 
But,  surely,  a  very  similar  objection  may  be  urged  against  the 
reversionary  method,  which  requires  for  its  complete  validity 
that  the  proportion  of  bachelors  marrying,  and  widowers  re- 
marrying, in  the  future  shall  not  differ  from  that  disclosed  by 
past  experience,  as  well  as  that  the  average  ages  at  marriage 
of  the  wives  to  be  taken  by  existing  bachelors  and  widowers 
shall  be  the  same  as  those  of  the  wives  taken  by  past  bachelors 
and  widowers. 

Any  canvassing  of  the  merits  of  the  reversionary  method 
should,  to  be  pertinent,  undertake  to  show  that  its  underlying 
assumptions  are  more  likely  to  be  realized  than  are  those 
implicit  in  the  collective  plan.  This  undertaking  does  not 
heretofore  appear  to  have  been  essayed,  and  would  seem  to  be 
a  difficult  task. 

Description  of  Actual  Valuation  and  Experience. 

All  the  collective  valuations  of  the  Church  Fund  were  based 
upon  "  living  "  experiences,  formula  (I)  being  used,  mortality 
only  being  assumed. 

In  1906  0M(5)  mortality  was  assumed  for  male  lives  and 
B.O.A.  select  for  females.  At  the  succeeding  valuations  the  rates 
of  mortality  adopted  were  those  shown  by  King  in  his 
Report  to  the  Treasury  on  the  Elementary  Teachers'  Deferred 
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Annuity  Fund  (1907).  The  rates  of  mortality  for  male  lives 
shown  in  this  Report  were  based,  for  ages  below  40,  upon  the 
experience  of  abstainers  and  Church  of  England  clergymen,  for 
ages  40  to  70  upon  the  actual  experience  of  the  Deferred  Annuity 
Fund,  for  ages  71  to  75  they  are  90  per-cent  of  the  B.O.A. 
ultimate  rates,  and  from  76  on,  they  are  the  full  B.O.A.  ultimate 
rates. 

As  regards  female  mortality  "  below  age  40  the  recorded 

"  female  rate  of  mortality  was  increased   For  ages  40 

' '  to  70  the  experience  of  the  fund  itself  was  taken,  and  for 
"  ages  above  70  the  curve  was  joined  on  to  that  of  the 
"  British  Offices."    (Vide  King's  report.) 

The  following  are  specimen  annuity  values  at  3 \  per-cent, 
based  upon  the  rates  of  mortality  above  referred  to. 


Age 

X 

Values 

of  ax 

Males 

Females 

25 

20-952 

21-792 

35 

18-949 

19-825 

45 

16-030 

17-035 

55 

12-592 

13-662 

65 

8-899 

9-921 

75 

5-398 

6-091 

I  may  mention  that,  remarkably  low  as  are  the  rates  of 
mortality  shown  in  King's  Report,  a  comparison  I  made 
between  the  actual  male  deaths  in  the  five  years  1907-1911  and 
those  expected  showed  the  mortality  amongst  Church  of  Ireland 
clergymen  to  be  lower  still. 

The  preliminary  data  as  to  marital  condition  available  at 
the  last  three  valuations  of  the  Widows'  Fund  are  shown  in 
Table  I.  The  figures  in  the  "  married  "  column  of  this  table 
at  any  particular  age  divided  by  the  total  number  of  members 
at  that  age,  give  us  the  ungraduated  probability  of  a  member 
being  a  married  man.  Thus,  the  1916  figures  show  that  in  the 
compulsory  class,  the  probability  of  being  a  husband  at  age 
27 

40  is  ~  or  -7105. 

DO 

The  ungraduated  average  age  last  birthday  of  the  wife  of  a 
member  of  nearest  age  x  at  date  of  valuation  was  found  by 
summing  the  ages  of  all  the  wives  of  husbands  aged  x  and 
dividing  the  sum  by  the  number  of  husbands.  Thus,  in  the  1916 
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compulsory  class,  the  total  ages  of  the  23  wives  of  husbands 
aged  50  amounted  to  1.023  years,  which  number  divided 
bv  23  gives  the  vmgraduated  average  age  of  the  wife  of 
a  husband  aged  50  as  44*5  years. 

Some  of  these  imgraduated  average  ages  are  shown  in  the 
following  table  : 

Table  A. 

Shotting  the  ungraduated  average  Age  last  birthday  of  the  Wife  of  a 
member  of  nearest  age  x  deduced  from  the  data  of  the  Church  of 
Ireland  Fund. 


Age 

Average  Age  of  Wife 

of 
Member 

Compulsory 

Class 

Voluntary  Cla 

w 

1906 

1911 

1916 

1906 

1911 

1916 

25 

260 

33-0 

26-0 

... 

30 

26-7 

32-0 

29-9 

20- 

35 

31-6 

32-3 

33-3 

31-0 

31 -5 

40 

37-6 

33-8 

35-9 

38-7 

40-0 

36 -0 

45 

40-9 

41-0 

38-3 

42-7 

44-0 

45-3 

50 

46-0 

44'4 

44-5 

54-3 

48-3 

48-7 

55 

52-2 

51-3 

48-0 

47-6 

50-3 

49-7 

60 

47-7 

51-6 

53-6 

59-0 

52-5 

51-7 

65 

59  0 

53-2 

53-0 

54-8 

70 

52-0 

69-0 

58-0 

73  0 

All  the  data  provided  by  the  Church  of  Ireland  Fund  were 
graduated  by  the  summation  method,  the  procedure  followed 
being  that  described  by  King  in  J. I. A.,  vol.  xlii,  p.  225,  and 
vol.  xJiiij  p.  109,  and  by  his  formula  [Va]  the  following  graduated 
•'•'pivotal"  ages  of  wives  were  derived  (1916  Valuation, 
Compulsory  Class)  : 


Husband's  Age 
(nearest) 

Wife's  Average  Age 
(last  birthday) 

32 

30-7 

37 

33-3 

42 

37-5 

47 

40-9 

52 

46-2 

57 

49-5 

62 

56-7 

For  valuation  purposes  it  is,  of  course,  necessary  to  have 
the  probability  of  being  a  married  man,  hx,  and  the  average  age 
of  the  wife,  for  every  age  of  the  member  up  to  the  limiting  age 
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of  the  life  table.  So  far,  however,  the  Irish  Church  Fund  only 
supplies  these  particulars  up  to  late  middle-age,  and  those  for 
higher  ages  had,  perforce,  to  be  fixed  arbitrarily. 

In  1916  it  was,  therefore,  assumed  that  in  the  compulsory 
class  hx  would  remain  constant  from  age  62  at  "85,  and 
that  from  age  67  on  there  would  be  a  constant  difference  of 
six  years  in  the  ages  of  husbands  and  wives. 

Apart  from  the  consideration  that,  thereby,  the  stringency  of 
the  valuation  is  increased,  there  is  certainly  no  reason  why  hx 
should  be  fixed  at  a  high  constant  from  middle-age  to  the  end 
of  life.  A  priori  reasoning  suggests  that  the  curve  of  this 
probability  should  gradually  ascend  to  a  maximum  and  then 
gradually  descend,  and  confirmation  that  this  is  so  is  afforded 
by  Scroll's  "  Norwegian  Statistics"  (J. LA.,  vol.  xl,  p.  209), 
and  by  Man's  Tables. 

Equally  we  should  not  expect  that  over  any  considerable 
period  the  difference  between  the  ages  of  husbands  and  wives 
could  be  represented  by  a  constant,  and  here,  again,  confirmation 
is  lent  by  Schjoll  and  Man,  who  show  this  difference  to  be  an 
increasing  one  throughout  life. 

The  effect  of  the  assumptions  made  would  therefore  seem  to 
be  that  one  made  for  overstating  the  liability  and  the  other  for 
understating  it,  with  the  res  alt,  it  is  hoped,  that  the  true  liability 
has  been  stated  with  substantial  accuracy. 

I  have  found  Buchanan's  interpolation  formula  (J. LA., 
vol.  xlii,  p.  369),  to  be  productive  of  considerable  economy  of 
time  and  labour,  and  I  have  therefore  used  it  for  all  the  interpola- 
tions necessary  in  the  preparation  of  this  paper. 

An  outstanding  merit  of  the  collective  method  is  contained 
in  the  readiness  with  which  data  supplied  on  preceding  occasions 
can  be  incorporated  with  those  furnished  by  a  present  investi- 
gation whereby  the  experience  can  be  made  to  become  cumu- 
lative and  the  bases  whence  we  reason  can  be  enlarged  and 
strengthened.  This  is  a  matter  to  which  no  previous  reference 
would  appear  to  have  been  made,  although  it  is  of  considerable 
importance. 

The  insistent  demand  of  actuarial  science  is  for  data,  and 
I  think  that  the  only  ground  upon  which  an  actuary  would  be 
relieved  of  the  duty  of  incorporating  in  a  present  investigation 
data  furnished  on  preceding  occasions  is  that  the  latter  have 
ceased  to  be  homogeneous. 

In  the  following  table  are  shown  quinquennial  ungraduated 
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and  graduated  wives'  ages  and  similar  values  of  the  probability 
of  being  a  married  man  (husband),  all  based  upon  the  combined 
experience  of  the  last  three  valuations  of  the  compulsory  class 
of  the  Irish  Church  Fund. 

It  was  assumed  that  at  age  67  the  graduated  wife's  age  was 
60  ;  that  from  age  72  inclusive  of  husband  the  latter  would  be 
eight  years  older  than  his  wife,  and  that  from  age  67  inclusive 
the  probability  of  being  a  married  man  would  be  constant  at  '7. 

Commencing  the  summations  in  fives  at  age  25  graduated 
quinquennial  values  of  wives'  ages  for  husband's  ages  32, 
37  and  so  on,  were  obtained  by  King's  formula  (va),  and  all 
the  interpolations  were  made  by  Buchanan's  formula  already 
referred  to. 

By  assuming  that  the  age  of  the  wife  of  a  husband  aged 
27  years  was  also  27 — an  assumption  which  the  data  show  to 
be  a  safe  one — I  was  enabled  to  interpolate  the  wives'  ages 
from  age  33  on  ;  and  by  means  of  the  graduated  values  at 
ages  27,  32,  33,  31  and  35  and  a  fourth  difference  formula  the 
values  between  27  and  32  were  obtained. 

At  ages  below  27  the  values  are  arbitrary. 

The  interpolations  for  the  marriage  probabilities  were  made 
in  precisely  the  same  manner,  the  assumption  being  made  that 
at  age  27  the  graduated  probability  was  '15. 

So  far  as  it  goes  to  show  the  goodness  of  the  graduation, 
it  may  be  mentioned  that  up  to  age  67,  after  which  the  data 
are  too  scanty  to  be  reliable,  the  "  expected  "  number  of 
married  men  is  1648'87,  as  compared  with  1,648  actual  cases. 

Table  B. 


Showing  average  Ages  of  Wives  and  probability  of  being  a  Husband  (hx) 
based  upon  the  combined  1906,  1911,  and  1916  Valuations  of  the 
Church  of  Ireland  Fund. 


Wife's  Age  last  Birthday 

Age 

X 

Uu  graduated 

Graduated 

Ungraduated 

Graduated 

27 

29-86 

27-0 

•1250 

•1500 

32 

31-00 

30-1 

•4707 

•3998 

37 

33-91 

33-4 

•6629 

•6093 

42 

37-35 

370 

•7723 

•7327 

47 

41-14 

41-6 

•8102 

•7792 

52 

45-38 

46-2 

•7704 

•8116 

57 

50-39 

50-6 

•7568 

•7950 

62 

52-68 

55-6 

•7600 

•7292 

67 

61-50 

60-0 

•2222 

•7000 

12        The  Reversionary  (or  Prospective)  and  Collective  [April 


The  following  statement  of  graduated  values  is  submitted  in 
support  of  the  contention  that  the  data  of  the  Church  of  Ireland 
Fund  continues  to  be  homogeneous  and,  incidentally,  to  lend 
support  to  the  collective  method,  as  indicating  that,  so  far  as 
this  particular  fund  is  concerned,  its  underlying  assumptions 
have  been  reasonably  fulfilled  : 


Average  Ag 

e  last  Birthday 

Probability  of  being  a 

of  Wife 

Married  Man 

Husband's 

y 

Age 

X 

1906 

1911 

1916 

Whole 
Experience 

1906 

1911 

1916 

Whole 
Experience 

32 

30-2 

30-5 

30-7 

30-1 

•4200 

•3182 

•4420 

•3998 

37 

33-4 

33-5 

33-3 

33-4 

•5250 

•6510 

•6450 

•6093 

42 

37-6 

36-4 

37-5 

37-0 

•7351 

•7117 

•7557 

•7327 

47 

41-7 

421 

40-9 

41-6 

•8018 

•7786 

•7608 

•7792 

52 

45-6 

46-6 

46-2 

46-2 

•8314 

•7835 

•8338 

•8116 

57 

51-9 

49-5 

50-6 

•7829 

•8161 

•7950 

62 

56-7 

55-6 

•7765 

•7292 

Kemembering  that  if  a  husband  aged  x  die  within  the  year, 

his  average  age  at  death  will  be  x+  ~,  and  that,  consequently, 

the  average  age  of  the  widow  he  will  then  leave  will  be  y  4- 1 , 
the  following  comparison  between  the  wives'  ages,  as  shown  by 
the  whole  experience  of  the  fund  and  the  widows'  ages  at  date 
of  entry  into  widowhood  as  shown  in  Marr's  paper,  is  interesting : 


Husband's  Age 
last  Birthday 
X 

Widow 

"s  Age 

Irish  Clergy 

Scotch  Ministers 

32 

311 

32 

37 

34-4 

35 

42 

38-0 

40 

47 

42-6 

42 

52 

47-2 

47 

57 

51-6 

50 

The  smallness  of  the  differences  between  these  figures  is 
remarkable,  and  this  is  all  the  more  so  when  it  is  borne  in  mind 
that  Marr's  method  of  obtaining  his  ages  differs  from  mine 
in  that  he  dealt  with  the  values  of  annuities  that  became  payable 
by  the  deaths  of  husbands,  and  thereby,  as  it  were,  "  weighted  " 
the  widows'  ages. 
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Table  II  shows  the  values  of  W  at  3|  per-cent,  based  on  the 
combined  experience  of  the  last  three  valuations  of  the  com- 
pulsory class  of  the  Irish  Church  Fund. 

I  close  my  remarks  on  the  Widows'  Annuity  portion  of  this 
paper  by  submitting  the  results  of  two  valuations,  made  as  at 
1916  and  with  interest  at  3j  per-cent,  of  the  compulsory  class 
of  the  Fund,  the  one  being  made  by  the  reversionary  annuity 
plan  and  the  other  by  the  collective  method. 

For  the  reversionary  valuation  I  employed  Hewat's  Scottish 
Bankers'  Tables,  with  Huie's  for  second  marriages,  and  for 
the  collective  one  the  Fund's  own  1916  experience  with  King's 
Teachers'  mortality. 


Reversionary 

Collective 

Method 

Method  I 

Present  value  of  Annuities  of  £45  to 

Widows    to    be    left    by  present 

Members 

£191,157 

£193,071 

Present  value  of  Future  Subscriptions 

95,283 

101,924 

Net  Liability 

£98,874 

£91,147 

Valuation  of  Orphans'  Benefits. 

In  the  valuation  of  the  orphans'  benefits  of  the  Irish  Church 
Fund  there  are  no  competing  methods.  Here  the  collective 
plan  is  in  complete  possession,  being,  in  fact,  the  only  scientific 
mode  of  dealing  with  the  subject. 

It  may  be  noted  that  Huie  makes  no  attempt  to  value  an 
annuity  of  the  Church  Fund's  main  type,  and  that  he  dismisses 
any  attempt  to  estimate  the  values  of  annuities  to  children  to 
be  left  by  members  still  unmarried  as  involving  "  much  uncer- 
tainty and  far  more  labour  than  the  object  is  worth." 

All  the  valuations  of  liabilities  before  1906  under  Prospective 
Benefits  to  children  appear  to  have  been  estimated  by  a  process 
wholly  empirical,  the  underlying  assumption  of  which  was  that 
every  member  that  married  would  procreate  four  children. 
King  has,  however,  put  this  branch  of  actuarial  practice 
on  a  scientific  basis,  and  his  method  has  been  followed  from 
1906  inclusive  with  the  Irish  Fund. 

Annuities  to  existing  orphans  were  valued  by  the  late  H.  W. 
Manly's  tables  (J. I. A.,  vol.  xxxviii,  p.  116),  and  these  tables 
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also  formed  the  basis  of  the  tables  prepared  for  valuing  annuities 
to  prospective  orphans. 

If  Ox  denote  the  value  of  a  continuous  annuity  of  1  payable 
up  to  a  specified  age  to  each  child  of  a  family  left  by  a  member 
now  aged  x,  then 

1  f00 

Ox=  j-  W  .  lx+t  •  Px+t(hw)x+t(fa)x+tdt 

I  t=u> 

or  =  ~XT~  Zv*+t+*  .  dx+t .  (hw)x+t+i(fa)x+t+i 

v  ix  t=o 

where  (hw)x+t  is  the  probability  of  being  a  husband  or 
widower  at  age  a?  +  t,  and  [fa)x+t  is  the  value  at  that  moment 
of  age  of  the  member  of  an  annuity  of  1  to  each  child  he  may 
then  possess. 

The  second  form  for  0  lends  itself  to  the  use  of  the  commu- 
tation method. 

The  material  in  Table  I  enables  us  to  calculate  the  values 
of  [hw)x+\,  the  mean  of  (hw)x  and  (hw)x+1,  and  in  the 
following  table  are  shown  values  of  (hw)x  based  upon  the 
combined  experience  of  the  last  three  valuations,  compulsory 
and  voluntary  classes  together.  The  graduated  values  were 
obtained  as  heretofore  indicated,  the  value  at  age  27  having 
been  assumed  to  be  '1575,  and  that  from  age  67  on  being  treated 
as  a  constant  *9. 

Table  C. 


Showing  the  prohability  of  being  a  Husband  or  Widower. 


Age 

X 

{hw)x 

Un  graduated 

Gradua  ed 

27 

•1147 

•1575 

32 

•4593 

•4179 

37 

•6907 

•6470 

42 

•7904 

•7634 

47 

•8137 

•8245 

52 

•8131 

•8610 

57 

•8269 

•8769 

62 

•8379 

•8965 

67 

•7500 

•9000 

The  "  family  "  experience  of  the  fund,  as  shown  at  the  last 
three  valuations  of  compulsory  and  voluntary  classes  combined 


1920.]        Methods  of  Valuing  Widows^  Funds,  &c. 


15 


is  amalgamated  in  Table  III,  and  therefrom  we  are  enabled  to 
obtain  unadjusted  values  of  (fa)x. 

At  any  age,  .v,  the  unadjusted  value  of  (fa)x will  be  the  sum 
of  the  values  of  temporary  annuities  to  all  the  children  possessed 
by  members  aged  x  divided  by  the  sum  of  the  husbands  and 
widowers  living  at  that  age.  Thus,  if  there  be  r  children  aged 
0—1,  s  children  aged  1  —  2,  and  t  aged  2—3,  &c,  the  issue  of 
the  marriages  of  all  or  some  of  the  marriag-es  of  the  n  husbands 
and  widowers  now  aged  and  if  «'0  be  the  value  of  a 
temporary  annuity  on  0  —  1,  a\  that  on  1  —  2,  and  a'2  that  on 
2  —  3,  &c.j  we  shall  have 

C/a)*==~  (r  •  a'o  +  s  .  a'i  +  t .  af2+3  &c.) 

In  the  graduation  of  (fa)x  "  pivotal  "  values  were  obtained 
for  ages  32  to  67,  both  inclusive,  and  the  mean  of  Manly's 
figures  in  J.I.A.,  vol.  xxxviii,  p.  147,  were  adopted  as  the 
adjusted  values  at  ages  72  and  77,  at  which  latter  age  the  series 
was  assumed  to  close.  The  mean  of  the  unadjusted  values  at 
ages  27  to  29,  or  7*163,  was  taken  as  the  graduated  value  at 
age  27,  and  inteimediate  values  were  interpolated. 

In  Table  IV,  in  addition  to  a  complete  series  of  values  of 
0,  are  given  the  unadjusted  and  graduated  values  of  (fa),  all  at 
3j  per-cent  interest. 

A  comparison  of  my  values  of  (fa)  with  those  of  Manly 
lends  strong  support  to  the  conviction  that  the  families  of  the 
Irish  clergy  are  remarkably  small. 

And  if  my  values  be  compared  with  those  furnished  by 
King  in  the  discussion  upon  Manly's  paper,  and  based  upon 
the  1901  "  family  "  experience  of  the  Irish  Church  Fund,  it  will 
be  found  that  the  tendency  of  families  to  diminish  in  size,  which 
S.  J.  H.  W.  Allin  discovered  to  exist  in  those  of  English 
Presbyterian  ministers  (J. I. A.,  vol.  xxxix,  p.  337),  is  in  full 
operation  with  the  families  of  Irish  Church  clergymen. 

The  value  of  the  increase  in  the  orphans'  benefit  which  will 
take  place  in  the  Irish  Fund  if  the  father  be  a  widower  at  the 
date  of  his  death  must  be  small,  and  it  will  no  doubt  be  sufficient 
to  provide  for  it  by  some  small  percentage  addition  to  the  value 
of  the  main  orphans'  benefit.  If,  however,  it  be  thought  necessary 
to  value  this  benefit  separately,  this  may  readily  be  done  by 
compiling  (fa)x  from  the  record  of  widowers'  children  and 


]  6        The  Reversionary  (or  Prospective)  and  Collective  [April 

replacing  the  probability  of  being  a  husband  or  widower  by  the 
probability  of  being  a  widower  only. 

Marriage  Rates. 

In  the  discussion  on  Allin's  paper  Mr.  Lidstone  showed  that 
the  ratios  Bachelor  :  Total  Members,  say  K,  may  be  made  to 
yield  the  central  marriage  rates. 

By  taking  out  the  complements  of  my  probabilities  of  being 
a  married  man  or  a  widower  I  was  enabled  to  procure  graduated 
values  of  K,  and  hence  to  obtain  central  marriage  rates  deduced 
from  the  Church  Fund's  own  experience.  Specimens  of  these 
values  are  shown  below,  together  with,  for  purpose  of  comparison, 
Hewat's  Scottish  Bankers'  rates  : 


Age 

Central  Marriage  Rate 

Irish  Church 

Scottish  Bankers 

30 

•0736 

•0690 

35 

•1063 

•0693 

40 

•0727 

•0521 

45 

•0541 

•0371 

50 

•0433 

•0246 

55 

•0204 

•0149 

60 

•0360 

•0104 

It  will  be  seen  that  my  figures  run  very  irregularly,  and  this 
may,  perhaps,  to  some  extent  be  due  to  secessions,  which, 
although  small,  are  not  inconsiderable.  Of  course  it  would  be 
quite  possible  by  graduation  of  my  rates  to  obtain  a  smooth 
series.  But  whether  a  table  of  central  marriage  rates  deduced 
from  a  "  living  "  experience,  no  matter  how  smoothly  it  be 
graduated,  can  be  entitled  to  the  same  implicit  confidence  that 
we  extend  to  a  table  compiled  in  the  old  way,  is  a  matter  upon 
which  further  investigation  is  required  before  a  definite  opinion 
can  be  given. 
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Table  I. 

Bachelor*,  Married  Men  and  Widowers  on  Church  of  Ireland  Fund  at 
1906,  1911  and  1916  investigation*. 


Compulsory  Class 


1906 

1911 

1916 

Bachelors 

Married 

Widowers 

|  Bachelors 

Married 

Widowers 

Bachelors 

1  Married 

Widowers 

2 

2 

... 

3 

1 

12 

7 

g 

Q 

1 

14 

"l 

14 

1 

18 

2 

12 

12 

14 

3 

23 

2 

12 

2 

91 

l 
* 

17 

5 

15 

3 

11 

2 

1 

18 

6 

16 

4 

20 

12 

20 

2 

12 

9 

" 

J.  u 

14 

21 

g 

18 

6 

10 

13 

15 

14 

17 

17 

1 

21 

11 

15 

14 

1  T 

11 

1 6 

11 

1 

10 

13 

1 

10 

12 

16 

20 

9 

12 

24. 

12 

... 

10 

20 

1 

10 

19 

1 

12 

20 

10 

14 

1 

23 

9 

22 

... 

12 

31 

14 

15 

11 

9 

1 

9 

21 

10 

23 

1 

10 

16 

1 

4 

19 

11 

27 

10 

21 

15 

24 

12 

25 

4 

20 

10 

31 

1 

g 

27 

6 

22 

5 

26 

1 

6 

34 

19 

9 

13 

1 

21 

3 

14 

1 

22 

1 

5 

21 

9 

23 

2 

11 

22 

2 

g 

27 

2 

2 

14 

18 

g 

32 

4 

16 

1 

4 

26 

1 

5 

20 

1 

3 

19 

4 

22 

17 

2 

12 

1 

12 

1 

1 

23 

1 

18 

g 

24 

3 

g 

93 

2 

4 

12 

12 

4 

23 

I 

1 

10 

4 

17 

3 

26 

1 

1 

g 

3 

18 

3 

17 

1 

1 

9 

12 

Q 

16 

1 

5 

1 

18 

25 

2 

2 

3 

12 

1 

3 

11 

2 

g 

1 

1 

7 

1 

2 

21 

1 

1 

1 

1 

1 

3 

10 

3 

3 

11 

4 

16 

1 

1 

3 

11 

1 

... 

"2 

Q 

3 

13 

1 

4 

1 

2 

4 

5 

10 

1 

1 

1 

2 

4 

2 

... 

2 

2 

1 

2 

u. 

1 

... 

i 

3 

2 

3 

... 

3 

4 

1 

1 

.1 

1 

1 

1 

1 

1 

VOL.  LIT. 
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Table  I — continued. 


Age 

Voluntary  Class 

near 

est 

1906 

1911 

1916 

birth 

day 

Bachelors 

Married 

Widowers 

Bciclielor> 

Mairied 

Wtdowers 

Bachelors 

Married 

Widowers 

23 

24 

25 

i 

26 

2 

27 

i 

i 

3 

28 

1 

2 

29 

1 

2 

I 

2 

1 

30 

i 

1 

i 

1 

2 

1 

31 

1 

I 

1 

9 

32 

2 

2 

I 

33 

2 

q 

1 

I 

Q 

34 

!  2 

o 

2 

3 

1 

35 

1 

3 

4 

36 

4 

3 

2 

2 

4 

37 

« 
o 

2 

1 

9 

38 

1 

A 

•* 

± 

1 

9 

25 

39 

A 

*t 

1 

Q 

o 

Q 

O 

40 

1 

D 

1 

0 

2 

4: 

41 

1 

Q 

o 

3 

5 

J_ 
4r 

42 

3 

o 
o 

Q 

o 

1 

O 
U 

43 

q 

4 

1 

ft 

1 

44 

A 

7 

ft 

45 

a 
o 

2 

Q 
O 

1 

Q 

o 

46 

ft. 

9 

1 

q 

47 

1 

o 
<b 

l 

i 

2 

Q 
o 

1 

Q 
O 

48 

Q 
O 

o 
<a 

ft 

D 

49 

q 

1 

K 
t> 

50 

3 

1 

1 

3 

q 

1 

51 

A 
•± 

3 

1 

52 

1 

K 
O 

9 

ft 

53 

I 

7 

o 

54 

q 

q 
o 

1 
1 

55 

5 

1 

4 

1 

1 

3 

56 

4 

1 

1 

5 

1 

57 

c> 

1 

« 
o 

9 

1 

58 

1 

ft 
O 

59 

Q 

::: 

q 

i 

q 

1 
1 

60 

1 

q 

61 

l 

ft 
o 

9 

62 

q 

q 

1 

A 
•± 

1 

63 

O 

A 

... 

9 

64 

ft 
O 

l 
i 

... 

9 

65 

i 

4 

66 

i 

i 

6 

67 

i 

X 

9 

... 

68 

9 

o 

69 

i 

o 

70 

i 

i 

1 

••• 

71 

i 

i 

1 

72 

i 

2 

::: 

73 

74 

i 

75 

i 

76 

l 

79 

1 
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Table  II. 

Showing  the  present  value  (Wx)  of  an  Annuity  of  1  to  the  Widow  who 
may  be  left  by  any  member  {now  a  Bachelor,  Married  Man,  or 
IVidower),  to  commence  at  his  death.    Interest  Si  per-cent. 


Age  of  Member 
(nearest 

X 

Age  of  Wife 
(last  birthday) 

y 

wx 

(1) 

(2) 

(3) 

(-0 

23 

2-158 

24 

2-243 

25 

25 

22-126 

2-332 

26 

26 

21-954 

2-425 

27 

27 

21-776 

2-513 

28 

27-4 

21-601 

2-595 

29 

28 

21-590 

2-676 

30 

28-7 

21-456 

2-755 

31 

29-4 

21-318 

2-832 

32 

301 

21-178 

2-908 

33 

30-8 

21  033 

2-984 

34 

31-4 

20-906 

3-059 

35 

321 

20-756 

3134 

36 

32-7 

20-622 

3-209 

37 

33-4 

20-463 

3-284 

38 

34-2 

20-277 

3-358 

39 

34-8 

20-134 

3-432 

40 

35-5 

19-961 

3-505 

41 

36-3 

19-760 

3-577 

42 

37 

19-580 

3-647 

43 

37-9 

19-340 

3-716 

44 

38-8 

19-092 

3-782 

45 

39-7 

18-836 

3-846 

46 

40-6 

18-575 

3-908 

47 

41-6 

18-277 

3-966 

48 

42-5 

18-003 

4-022 

49 

43-4 

17-723 

4  074 

50 

44-4 

17-407 

4121 

51 

45-3 

17118 

4163 

52 

46-2 

16-825 

4-200 

53 

471 

16-530 

4-232 

54 

47-9 

16-263 

4-260 

55 

48-8 

15-961 

4-283 

56 

49-6 

15-691 

4-303 

57 

50-6 

15-349 

4-317 

58 

51-5 

15-038 

4-327 

59 

52-6 

14-655 

4-336 

60 

53-6 

14-304 

4-344 

61 

54-7 

13-912 

4-351 

62 

55-6 

13-588 

4-359 

c  2 
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Table  II — continued. 


Age  of  Member 
(nearest 
birthday) 
X 

Age  of  Wife 
(last  birthday) 

y 





vv  x 

(0 

(2) 

(3) 

(4) 

63 

56-5 

13-262 

4-363 

64 

57-4 

12-932 

4-367 

65 

58-z 

IZ-bob 

A  Odd 

4  ODD 

66 

59 

12-338 

4-362 

67 

60 

i  l  nc  l 

11  -yol 

68 

60-7 

11-695 

4-339 

69 

61 -4 

11  -4z  / 

A   Ol  1 

4-ol  / 

70 

62-3 

I  1    AO  1 

II  -081 

A  OOC 

71 

63-1 

1  A  I"7T1 

10-771 

A  OA1 

4-24/ 

72 

64 

a  i  nT 
4-ly  / 

73 

65 

10  029 

4-139 

74 

66 

9-636 

A  ATO 

75 

67 

9-243 

o  nno 

o-yyo 

76 

68 

8-850 

o  ni  a 

77 

69 

8-460 

o-oZO 

78 

70 

8-072 

3-728 

79 

71 

7-690 

80 

72 

7-313 

O'OZV 

81 

73 

6-947 

O   A  1  O 

82 

74 

6-591 

O  OAO 

83 

75 

6-248 

3190 

84 

76 

5-919 

O  AT7 

85 

77- 

5-603 

O  f\CZA 

z-yo4 

86 

78 

5-301 

87 

79 

5012 

Z-  /41 

88 

80 

4-735 

2-630 

89 

81 

4-467 

Z-oZl 

90 

82 

4-211 

2-408 

91 

83 

3-965 

2-300 

92 

84 

3-729 

2-237 

93 

85 

3-503 

2-073 

94 

86 

3-288 

1-982 

95 

87 

3-083 

1-858 

96 

88 

2-889 

1-740 

97 

89 

2-704 

1-608 

98 

90 

2-529 

1-456 

99 

91 

2-363 

•603 
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Table  III. 

Showing  the  number  of  Married  Men  and  Widowers  and  the  Ages  of  their 
Children,  as  disclosed  by  the  1906,  1911  and  1916  Valuations  of 
the  Church  of  Ireland  Fund. 


Lis 


Number  of  Children  and  Ages 


;  29 

130 

!31 
'^2 
'  33 
|  34 

36 
!|37 
"38 

39 
1 40 

11 

f  43 
\U 
15 

48 
19 
50 
51 
52 
53 
>4 
>5 
56 
57 
58 
59 
50 

1 

12 

53 
54 
55 

hi 

58 

»59  ! 
0 

! 

3 
|4 
5 


3 
2 

7  ! 
10 
16 
25 
29 
34 
50  i 
45 
51 
61  I 
67  I 
80  | 
68 
77  I 
87 
99 
97 
70 
70 

102 
83 
81 
73  | 
61  I 
93 
60  : 
67 
54 
51 
62 
41 
49 
35 
39 
24 
31 
32  I 
17 
17 
16 
9  ' 
15 

8  I 
4 

4  ! 

4 ! 

i 

i 

i 

i 


0- 

i  i- 

2- 

3- 

4- 

5- 

6- 

8- 

!  9- 

L: 

'10- 

11- 

12-13-14- 

15- 

- 16- 

Il7 

1 

- 18- 

j 

- 19- 

l 

-20- 

1 

... 

... 

1 

1 

... 

3 

2 

1 

1 

5 

5 

... 

... 

9 

|  3 

4 

1 

|... 

6 

3 

4 

1 

6 

5 

4 

3 

1 

2 

l 

20 

10 

9 

10 

5 

4 

3 

2 

11 

9 

9 

3 

2 

3 

13 

15 

7 
16 
7 

11 

3 

8 

3 

2 

3 

... 

...... 

17 

9 

8 

5 

3 

6 

8 

3 

1 

1 

15 
14 

15 
12 

4 

9 
17 
10 
12 

11 

8 

5 

8 
8 

3 

3 

3 

1 

...  ... 

16 

17 
7 

15 

8 

8 

6 
8 

2 

2 

1 

... 

7 

11 

11 

9 
10 
16 

10 

8 
5 

4 

2 

1 

2 

13 

,2 

13 
14 

12 

11 

13 
8 

7 

5 

6 
8 

4 

1 

2 

16 

J? 
11 

14 

12 

10 

8 

7 

6 

3 

2 

1 

2 

13 

9 

9 

11 

17 

12 

16 

8 

18 

10 

11 

15 

11 

8 

9 

4 

4 

1 

2 

2 

10 

12 

9 

12 

10 

17 

13 

18 

6 

15 

16 

7 

7 

7 

7 

1 

2 

1 

1 

9 

6 

16 

8 

11 

12 

13 

10 

15 

10 

10 

9 

8 

11 

5 

5 

4 

2 

2 

6 

6 

3 

12 

9 

14 

9 

10 

12 

13 

12 

8 

11 

9 

5 

5 

6 

2 

5 

2 

3 

8 

11 

10 

14 

13 

11 

12 

12 

14 

12 

14 

6 

12 

10 

9 

6 

6 

5 

4 

6 

8 

3 

8 

6 

8 

6 

11 

8 

10 

15 

13 

9 

16 

10 

12 

12 

13 

7 

7 

4 

4 

10 

7 

3 

10 

10 

13 

9 

13 

8 

15 

8 

14 

7 

12 

10 

6 

3 

5 

3 

3 

3 

2 

4 

5 

7 

7 

13 

9 

4 

11 

11 

10 

14 

8 

10 

8 

12 

11 

7 

7 

... 

2 

1 

2 

11 

4 

6 

8 

9 

8 

6 

11 

10 

12 

12 

7 

12 

11 

5 

7 

2 

6 

1 

7 

7 

1 

6 

12 

9 

11 

10 

12 

17 

8 

17 

16 

14 

10 

14 

11 

12 

3 

3 

2 

3 

5 

6 

9 

5 

4 

7 

6 

2 

7 

9 

8 

11 

5 

8 

11 

10 

7 

3 

2 

2 

3 

5 

3 

7 

2 

5 

5 

8 

10 

9 

8 

6 

13 

11 

10 

9 

11 

10 

1 

1 

1 

2 

2 

2 

2 

2 

5 

9 

7 

2 

9 

10 

7 

8 

5 

8 

11 

5 

8 

2 

1 

2 

2 

1 

1 

5 

4 

3 

2 

3 

4 

9 

3 

3 

13 

8 

10 

5 

1 

1 

5 

4 

4 

3 

8 

7 

9 

7 

7 

9 

9 

8 

8 

10 

2 

3 

1 

o 

1 

1 

3 

6 

5 

3 

1 

5 

2 

5 

4 

7 

9 

6 

10 

2 

2 

2 

3 

2 

2 

4 

4 

3 

2 

4 

6 

5 

5 

8 

4 

2 

1 

i 

1 

1 

2 

... 

1 

3 

2 

2 

2 

6 

5 

5 

3 

1 

i 

"' 

..! 

1 

2 

1 

*2 

3 

3 

2 

3 

5 

4 

2 

i 

"l 

1 

2 

4 

1 

1 

1 

4 

3 

4 

... 

1 

... 

2 

1 

1 

"i 

1 

1 

2 

3 

2 

5 

3 
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Table  IV. 

Values  of  (fa)x  an  Annuity  of  1  to  A ge  21  to  each  Child  of  a  Member 
now  aged  x  and  Ox  an  Annuity  of  1  to  Age  21  to  each  Child  of  a 
Member  {Bachelor,  Married  Man  or  Widower)  now  aged  x  and  to 
commence  on  his  death.  Based  upon  the  1906,  1911  and  1916 
Valuations  of  the  Church  of  Ireland  Fund,  Compulsory  and  Volun- 
tary classes  combined.    Bate  of  interest  3|  per-cent. 


4 

Age 
X 

0 

Ungraduated 

Graduated 

(1) 

(2) 

3) 

(4) 

23 

1-18 

24 

1-23 

25 

1-28 

26 

3-582 

1-33 

27 

3-789 

7-163 

1-38 

28 

9-295 

8-000 

1-43 

29 

8-404 

8-525 

1-47 

30 

9-032 

8-997 

1-52 

31 

6-396 

9-593 

1-57 

32 

8-359 

10-416 

1-61 

33 

16191 

11-491 

1-66 

34 

12  070 

12-765 

1-69 

35 

16-070 

14-107 

1-73 

36 

13-996 

15-385 

1-76 

37 

16-376 

16-468 

1-79 

38 

18-854 

17-388 

1-81 

39 

16-511 

18-232 

1-83 

40 

19-218 

18-952 

1-84 

41 

18-175 

19-500 

1-84 

42 

19-010 

19-828 

1-84 

43 

18-260 

19-904 

1-83 

44 

23-565 

19-760 

1-82 

45 

21174 

19-445 

1-79 

46 

17-530 

19-005 

1-76 

47 

17-995 

18-486 

1-72 

48 

18-670 

17-885 

1-67 

49 

16-507 

17-166 

1-62 

50 

15-954 

16-341 

1-55 

51 

14-776 

15-423 

1-48 

52 

15-060 

14-415 

1-41 

53 

13-578 

13-242 

1-33 

54 

12-270 

11-895 

1-25 

55 

8-752 

10-496 

117 

56 

8-661 

9-160 

1-10 

57 

10-396 

8-003 

1-03 

58 

7-568 

7-035 

•97 

59 

5-109 

6-177 

•91 

60 

3-713 

5-417 

•85 

61 

3-843 

4-745 

•79 

62 

6-547 

4-149 

•74 

63 

5-271 

3-653 

•69 

64 

1-782 

3-264 

•65 

65 

1-929 

2-947 

•60 

66 

4-404 

2-669 

•55 

C\H 
o  / 

2-638 

2-395 

•oi 

68 

3-109 

2131 

•46 

69 

1-898 

•42 

70 

1-692 

•37 

71 

1-499 

•32 

72 

1-414 

1-315 

•28 

73 

1140 

•23 

74 

•981 

•17 

75 

•832 

•14 

76 

•693 

•09 

77 

•560 

•05 
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Abstract  of  the  Discussion. 

Mr.  TINNEK  said  that  the  author  had  placed  them  under  a 
double  obligation  by  putting  new  data  at  their  disposal,  and  by 
bringing  before  them  the  question  of  the  "  prospective  "  versus  the 
"  collective  "  method  of  valuation  which,  although  it  had  been 
discussed  at  meetings  of  the  Institute,  had  not  previously  been  the 
main  topic  of  debate. 

He  would  in  the  first  place  touch  upon  a  few  minor  points.  The 
author  stated  that  the  prospective  method  had  the  advantage  of 
enabling  "  prospective  "  annuities  to  existing  wives  to  be  valued  with 
"ease  and  celerity"  by  means  of  the  formula  ax  -  aX]j.  That  statement 
needed  perhaps  a  little  qualification  if  the  formula  was  to  be  applied 
strictly  to  every  case,  seeing  that  it  involved  the  construction  of 
fairly  extensive  tables  of  joint-life  annuities  based  on  special  rates 
of  mortality,  and  that  each  case  had  to  be  dealt  with  individually 
except  in  so  far  as  there  might  be  more  than  one  husband  aged  x, 
whose  wife's  age  was  y.  It  would  seem,  therefore,  that  although, 
given  the  necessary  joint-life  tables,  the  work  was  simple,  the  amount 
of  work  involved  would  be  such  as  to  defeat  the  claim  to  celerity. 
With  regard  to  the  other  benefits,  the  annuities  to  widows  of  the 
first  marriage  of  present  bachelors  were  comparatively  easy  to  value, 
but  when  one  came  to  value  the  annuities  to  widows  of  second  and 
third  marriages  one  would  get  into  deep  water  because  of  the  com- 
plicated analysis  required  and  the  paucity  of  data.  One  was 
obliged,  therefore,  to  seek  for  some  simpler  method  of  valuation 
which  would  make  allowance,  without  prohibitive  labour,  for  the 
different  forces  involved  in  the  calculations,  and  that  led  naturally 
to  what  was  known  as  the  "  collective  "  method,  which  consisted 
in  deducing  from  the  statistics  of  members  living  the  combined 
effect  of  two  or  more  of  the  various  forces  operating  to  produce  the 
events — other  than  the  death  of  the  member — which  caused  the 
benefits  to  be  payable  and  affected  their  value. 

He  observed  that  the  author,  in  valuing  the  widows'  annuities, 
found  the  average  age  of  the  wives  of  all  the  husbands  of  age  x, 
and  assumed  that  the  annuity  at  that  average  age  represented  the 
value  of  an  annuity  to  the  widow  of  a  man  dying  at  age  x.  It  would 
seem  as  though  a  more  accurate  result  would  be  obtained  by  taking 
the  sum  of  the  annuity-values  corresponding  to  the  different  ages 
of  the  wives  of  men  aged  x  and  dividing  that  sum  by  the  number  of 
wives.  It  might  be  that  the  difference  between  the  results  of  the 
two  methods  was  so  small  as  to  be  negligible,  and  perhaps  the  author 
could  throw  some  light  on  that  point.  Then  the  author  gave  a 
formula  for  the  valuation  of  widows'  annuities  by  the  collective 
method  somewhat  similar  to  that  for  valuing  orphans'  annuities. 
Both  these  formulae  had  the  feature  that  they  were  applied  to  the 
total  number  of  members  aged  x,  regardless  of  whether  they  were 
married,  widowers,  or  bachelors.  He  did  not  altogether  like  the 
plan  of  valuing  the  benefits  in  respect  of  all  members  of  a  given  age 
without  regard  to  whether  they  were  married  or  bachelors,  as  it 
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involved  the  assumption  that  whatever  might  be  the  actual 
proportion  of  bachelors  among  the  members  of  a  given  age,  the 
proportions  among  the  survivors  at  all  higher  ages  would  be  the  same 
as  those  given  by  the  graduated  ratios  of  bachelors  to  total ; 
and  in  particular,  that  if  all  the  members  at  age  x  were  married, 
some  of  them  would  be  bachelors  at  every  subsequent  age.  It 
was  true  that  if  the  graduated  ratios  of  bachelors  to  total 
members  were  based  on  the  experience  of  the  fund,  the  errors 
involved  would  tend  to  cancel  one  another,  but  it  was  not  clear 
that  the  final  balance  of  error  would  be  negligible.  He  thought 
that  bachelors  and  married  men  should  be  treated  separately. 
There  was  a  definite  risk  attaching  to  every  husband  seeing  that  in 
case  of  his  death  his  wife  would  receive  an  annuity,  and  also  to  most 
of  the  widowers  as  the  majority  of  them  would  have  one  or  more 
children  for  whom  the  fund  must  provide  if  the  fathers  died  before 
reaching  a  comparatively  advanced  age.  The  bachelor  did  not, 
however,  represent  an  actual  so  much  as  a  potential  risk,  and  that 
fact,  in  his  opinion,  made  it  advisable  to  distinguish  between 
bachelors  on  the  one  hand  and  married  men  and  widowers  on  the 
other.  That  might  be  done  by  valuing  the  liabilities  as  if  all  the 
members  were  married  or  widowers,  and  then  making  a  deduction 
in  respect  of  the  bachelors  who  would  not  marry.  If  one  denoted 
by  ~Bx+h  the  value  of  an  annuity  commencing  at  the  death 
of  a  married  man  or  widower  between  ages  x  and  x+1,  where 

Bs+s  =  \ ;(Bx  +  Bjb+i)    the    value    of    the    first   part   would  be 
A 

1vn+^ .  dx+n  ■  ^x+n+hllx-  The  probability  of  a  bachelor  of  age  x 
remaining  unmarried  and  dying  between  (x  +  n)  and  (x  +  n±l) 
would  be  (bd)x+Jblx,  where  {bd)x+n  was  the  number  of  bachelors 

dying  at  the  same  age,  and  (bd)x  was  equal  to  -[(bl)x+ (bl)x+{\mx, 

2 

mx  being  the  central  death  rate.  The  deduction,  therefore,  could  be 
represented  by  the  expression  Iv11^ .  {bd)x+n .  Bx+n+±/blx.  The 
number  of  bachelors  at  each  age  according  to  the  table  would  of 
course  be  obtained  by  means  of  the  graduated  ratios  of  bachelors  to 
total  members  at  each  age.  Both  the  foregoing  expressions  could 
be  put  into  commutation  form  and  denoted  by  bM^/D^  and  &M.xjDx 
respectively.  If  now  the  actual  number  of  members  at  age  x  was  Xx 
and  the  number  of  bachelors  among  them  was  {bl)'x  the  liability 
would  be  l'x-Mxi^x  -  (bl)' xbMx/Dx.  Investigation  might  show  that 
that  refinement  was  unnecessary,  and  that  the  difference  in  the 
results  brought  out  by  the  two  methods  was  so  small  that  it  might 
safely  be  neglected,  but  until  that  was  done  the  use  of  the  method 
to  which  he  had  ventured  to  take  exception  appeared  to  require 
justification.  He  had  used  the  symbol  Bx+±  to  denote  the  average 
value  at  the  date  of  death  of  the  benefit  payable  in  respect  of  a 
husband  or  widower  dying  in  the  year  of  age  from  x  to  x+  1.  There 
seemed  no  real  need  to  deal  separately  with  widows'  and  children's 
annuities.  If  they  were  combined  it  might  be  sufficient  to  obtain 
B^  by  finding  the  value  of  the  annuities  to  all  the  wives  of  men 
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aged  x  and  of  the  annuities  to  all  the  children  of  married  men  and 
widowers,  add  the  two  together  and  divide  by  the  number  of 
married  men  and  widowers,  thus  obtaining  an  ungraduated  value 
per  man  who  was  not  a  bachelor.  This  method  would  appear  to 
give  the  desired  result  without  loss  of  accuracy  and  with  a  minimum 
of  labour  ;  also  it  avoided  the  necessity  of  distinguishing  between 
married  men  and  widowers  and  graduating  their  ratios,  although 
that  distinction  would  be  made  implicitly  in  the  process. 

The  table  showing  the  wife's  average  age  last  birthday  corres- 
ponding to  certain  ages  of  the  husband  had  led  him  to  refer  to  some 
statistics  he  had  prepared  some  years  ago  relating  to  a  very  different 
body  of  lives,  namely,  the  officers  and  men  of  the  London  Fire 
Brigade.  Few  of  those  men  remained  in  the  brigade  after  age  50, 
but  as  the  figures  might  be  interesting  he  would  give  them  for 
comparison  with  those  furnished  by  the  author,  together  with  the 
corresponding  proportions  of  bachelors  to  total  members  at  certain 
ages  : 


Wife's  average  Age 

Ratio  of  Bachelors 

Member's 

last  Birthday 

TO  foTAL 

Age 

(nearest) 

Church  of 

London 

Church  of 

London 

Ireland 

Fire  Brigade 

Ireland  (Table  C) 

Fire  Brigade 

27 

252 

•8425 

•566 

32 

307 

29-2 

•582L 

•227 

37 

333 

33-7 

•3530 

•081 

42 

37-5 

38-1 

•2366 

•033 

47 

40-9 

41-8 

"1755 

•022 

When  taking  out  the  figures,  he  had  thought  they  might  throw 
some  light  on  the  results  of  different  economic  conditions,  but  the 
great  differences  between  the  ratios  of  bachelors  might  be  due  in 
part  to  the  desire  for  a  celibate  life  felt  by  some  at  least  of  the 
clergy. 

In  view  of  the  importance  of  having  as  stable  a  basis  as  possible 
for  the  ratios  of  bachelors  to  total  members  at  the  various  ages, 
it  would  be  advantageous  and  would  not  involve  excessive  labour, 
if  the  statistics  of  bachelors  and  other  members  were  taken  out  not 
only  as  on  the  valuation  date,  but  as  on  every  preceding  anniversary 
of  that  date  in  the  inter- valuation  period.  That,  by  giving  a 
smoother  series  of  values,  would  simplify  the  task  of  graduation 
and  at  the  same  time  make  the  final  results  somewhat  more  reliable. 
The  principle  of  combining  the  figures  for  different  years  was 
recognized  by  the  author,  and  he  thought  it  was  a  question  whether 
an  extension  of  the  principle  as  suggested  would  not  have  the 
advantage  of  giving  results  more  up  to  date  and  possibly  more 
useful  because  of  that  fact. 

The  results  of  the  valuations  made  by  the  prospective  and 
collective  methods  respectively  must,  he  supposed,  be  regarded 
as  being  fairly  confirmatory  of  each  other  ;  but  as  they  were  based 
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on  such  widely  different  data,  it  did  not  appear  that  any  definite 
conclusion  could  be  drawn  from  their  agreement  or  disagreement. 

Tables  II  and  IV  giving  the  values  of  annuities  to  the 
widows  and  children  of  members  of  each  age  were  very  useful. 
General  considerations  led  one  to  expect  the  value  of  the  benefit  in 
each  case  to  increase  to  a  maximum  and  afterwards  diminish  ; 
that  expectation  was  confirmed  by  the  tables  which  showed  that 
age  64  was  the  turning  point  in  the  case  of  the  former  benefit  and 
about  41  in  the  case  of  the  latter. 

Passing  now  to  the  general  question  from  which  the  paper 
derived  its  title,  he  understood  that  by  the  "  prospective  "  method 
was  meant  the  method  of  deducing  the  probabilities  of  the  happening 
of  the  various  events  which  on  the  one  hand  led  to  the  payment  of 
the  various  benefits  and  on  the  other  determined  the  period  for  which 
they  were  payable.  Thus  in  connection  with  a  fund  of  the  kind 
now  under  consideration,  one  would  require  to  know  the  probabilities 
of  mariiage,  of  death,  of  having  children,  and  of  becoming  a  widower. 
To  apply  the  method  exactly  one  would  require  to  know  for  each  age 
"the  probabilities  of  children  being  born  and  of  their  dying.  That, 
again,  would  depend  on  the  age  of  the  wife  and  the  duration  of  the 
marriage.  All  that  refinement  was  absolutely  impracticable,  and 
so  one  saw  that  there  could  be  no  such  thing  as  a  valuation  by  the 
"  prospective  "  method  in  its  strict  sense.  The  term  "  collective  " 
was  used  to  describe  a  process  by  which  one  obtained  as  far  as  possible 
from  the  statistics  of  living  members  and  their  dependants  the 
required  particulars  of  the  numbers  and  ages  of  the  dependants 
left  by  a  man  dying  at  a  given  age.  But  that  was  only  a  part  of 
the  necessary  procedure.  The  members'  rates  of  mortality  must 
in  any  case  be  ascertained  by  the  "  prospective  "  method,  and  like- 
wise the  probabilities  of  widows  and  children  living  from  year  to 
year,  as  those  were  required  for  the  computation  of  the  annuity- 
values,  and  none  of  those  probabilities  could  be  obtained  otherwise 
than  by  compounding  the  elementary  probabilities  px  and  qx .  If 
he  was  right  in  that,  it  followed  that  neither  "  prospective  "  nor 
"  collective  "  could  be  regarded  as  completely  descriptive  terms 
inasmuch  as  a  valuation  which  was  wholly  "  prospective  "  was 
impracticable,  and  one  which  was  wholly  "  collective  "  was  impos- 
sible. Apart  from  that,  it  was  perhaps  regrettable  that  the  words 
"  prospective  "  and  "  collective  "  should  have  become  so  firmly 
established  in  actuarial  terminology,  as  neither  of  them  indicated, 
without  previous  explanation,  the  meaning  it  was  intended  to 
convey. 

He  thought  there  was  no  doubt  that  the  author  had  established 
his  case,  which  was  that  the  collective  method  was  superior  in 
practice  ;  in  fact,  its  superiority  to  some  extent  consisted  in  the 
fact  that,  as  a  rule,  it  was  the  only  possible  method.  Nevertheless 
it  was  not  altogether  satisfactory,  because  it  represented  the  result 
of  forces  which  had  operated  very  many  years  ago,  and,  although  in 
one  sense  the  experience  was  up  to  date,  in  another  sense  it  was 
really  more  behindhand  in  some  respects  ' than  that  used   in  the 
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application  of  the  prospective  method.  For  instance,  the  per- 
centage of  men  aged  70  who  are  married  is  very  largely  the 
outcome  of  the  marriage  rates  for  ages  20  to  40,  and  is  therefore 
from  30  to  50  years  out  of  date.  The  rate  of  marriage  obtained 
by  the  prospective  method  represented  the  mean  of  the  rates 
which  had  operated  during  the  whole  of  the  period  covered  by  the 
investigation  and,  therefore,  if  this  period  is  short  the  rates  may 
be  regarded  as  practically  up  to  date.  He  could  not  help 
thinking  that  rates  so  obtained  would  lead  to  a  better 
forecast  of  the  future  than  that  given  by  the  collective  method. 
The  fundamental  objection  to  the  prospective  method,  however, 
was  that  the  work  of  valuation,  if  done  accurately,  could  not  be 
brought  within  practicable  compass. 

Mr.  W.  PENMAN  said  that  a  few  years  ago  he  had  valued 
a  Fund  similar  to  that  dealt  with  in  the  paper.  The  Fund  in 
question  was  similar  to  the  Irish  Clergymen's  Fund  in  that 
it  did  not  matter  how  many  times  a  man  had  been  married  ; 
provided  he  left  a  widow,  an  annuity  was  payable  to  her. 
But  it  had  an  additional  complication  in  that  if  there  was 
a  difference  of  ten  years  between  the  husband  and  wife  the 
rate  of  annuity  was  cut  down  to  75  per-cent,  and  if  there  was  a 
difference  of  15  years  the  rate  of  annuity  was  further  cut  down  to 
50  per-cent.  That,  of  course,  if  one  had  attempted  to  use  a  pro- 
spective method  would  have  presented  formidable  difficulties,  but 
by  the  collective  method  it  could  be  dealt  with  quite  simply. 
Essentially  the  problem  was  to  find  the  value  of  a  varying  assurance 
dependent  on  the  husband's  death.  If  the  problem  was  approached 
from  that  point  of  view,  he  thought  that  the  difficulties  in  connection 
with  bachelors,  married  men  and  widowers  re-marrying,  &c,  dis- 
appeared. In  fact,  in  some  cases  one  could  go  further  and  add  to 
the  variable  factor,  payable  at  the  death  of  the  husband,  something 
in  the  nature,  approximately,  of  a  constant,  to  provide  for  the 
contingency  of  the  annuity  being  continued  to  the  children.  In 
some  Funds — certainly  in  the  one  with  which  he  had  had  to  deal — 
the  actual  cash  paid  out  in  connection  with  the  children's  benefit 
was  surprisingly  small,  and  in  such  cases  it  seemed  unnecessary  to 
go  into  an  immense  amount  of  detail  over  a  feature  of  the  Fund 
which  was  of  no  financial  importance  ;  in  the  Fund  in  question  he 
had  added  a  half-year's  purchase  to  the  variable  for  the  purpose  of 
providing  for  the  extension  of  the  widows'  annuity  to  the  children. 
There  were  some  differences  between  the  problem  with  which  he 
had  had  to  deal  and  that  of  the  author  ;  but  the  valuation  factors 
brought  out  were  sufficiently  close  to  confirm  both  the  author's 
results  and  his  own.  He  thought  that  the  differences  arose  mainly 
from  the  same  cause  as  the  difference  between  the  author's  two 
valuations,  the  results  of  which  were  given  in  the  paper,  namely, 
the  use  of  a  standard  mortality  table  in  the  one  case  and  a  special 
mortality  table  in  the  other.  In  his  judgment  there  was  a  great  deal 
to  be  said  for  using  a  standard  rather  than  a  special  mortality  table. 

Mr.  J.  BACON  said  he  had  not  had  time  to  study  the  paper  so 
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carefully  as  he  would  have  liked  but  he  desired  to  point  out  that  in 
the  use  of  the  collective  method  there  was  one  point  particularly 
which  should  be  borne  in  mind.  The  functions  deduced  by  that 
method,  as  Mr.  Tinner  had  said,  were  the  result  of  the  operation 
over  many  years  of  a  number  of  forces,  some  of  them  dependent 
upon  the  human  will,  and  not  simply  of  the  force  of  mortality.  It 
followed  that,  to  use  the  method  with  complete  confidence,  the 
whole  past  experience  must  have  been  homogeneous.  If  there 
had  been  any  change  in  economic  conditions  or  in  the  conditions 
governing  the  Fund,  then  the  ratios  brought  out  by  the  collective 
method  must  indeed  in  his  opinion  be  used  with  considerable  care 
and  due  allowance  must  be  made  for  any  changes  that  might  have 
resulted  from  past  variations  in  conditions  or  probable  variations 
in  future.  For  that  reason  he  preferred  the  prospective  method, 
especially  as  future  changes  could  be  readily  estimated  and  allowed 
for  by  that  method.  It  must  be  admitted,  of  course,  that  in  some 
cases  the  collective  method  was  the  only  method  available,  but, 
wherever  possible  he  preferred  to  use  the  other.  The  main  benefit 
in  widows'  and  orphans'  Funds  was  usually  the  annuity  to  the  future 
widow  of  a  man  who  was  now  married.  That  was  particularly  the 
case  where  the  Fund  was  not  on  a  compulsory  basis.  Where  the 
Fund  was  a  voluntary  Fund  the  annuity  to  the  youngest  child  of 
the  nth.  wife  of  a  man  who  was  now  a  bachelor  was  interesting  to 
talk  about  but  of  no  importance  in  fact,  and  the  annuity  to  the  wife 
of  a  man  who  was  a  bachelor  was  of  comparatively  small  importance. 
Nearly  the  whole  liability  was  in  respect  of  annuities  to  the  existing 
wives.  That  did  not  involve,  in  his  opinion,  a  great  deal  of  trouble 
in  valuation.  It  was  not  necessary  to  take  every  combination  of 
ages,  but  he  thought  it  would  be  found  to  be  quite  accurate  enough 
in  practice  to  take  for  each  age  of  the  husband  the  age  of  the  wife 
to  the  nearest  difference  of  5  years,  as  was  done  in  the  usual  tabula- 
tions of  joint  life  functions.  That  involved  the  calculation  of  only 
five  or  six  columns  of  joint  life  and  survivor  annuities,  which  was 
not  a  heavy  task  even  where  the  experience  of  the  Fund  itself  was 
used.  Probably  also  one  was  dealing  with  mortality  drawn  from  the 
experience  of  the  Fund  or  from  a  standard  Table  which  had  been 
found,  by  a  comparison  of  expected  and  actual  deaths,  to  represent 
the  experience  of  the  Fund  fairly  closely,  and  the  data  were  com- 
paratively recent,  whilst  as  regards  the  future  one  was  dealing,  so 
far  as  this,  the  main  benefit,  was  concerned,  with  something  that  was 
not  dependent  on  the  element  of  human  will.  But  when  one  came 
to  use  the  collective  method  one  had  not  only  to  consider  the  actual 
existing  facts  of  the  difference  of  age  between  husband  and  wife, 
but  to  use  functions  which  might  even  result  in  a  man  who  was  now 
married  being  treated  at  some  future  time  as  a  bachelor  unless 
caution  was  exercised  in  the  progression  of  the  rates  of  married 
men,  bachelors  and  widowers.  It  was  quite  well  known  that  there 
had  been  changes  in  the  average  age  at  marriage  and  that  for  some 
time  there  had  been  a  tendency  for  it  to  rise  with  the  result  that  the 
difference  in  the  ages  of  husbands  and  wives  was  increasing.  The 
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ratios  by  the  collective  method  at  advanced  ages  would  depend, 
inter  alia,  on  the  ages  and  rates  of  marriage  of  forty,  fifty,  or  sixty 
years  ago,  and  in  respect  of  young  members  it  would  be  assumed 
that  they  would  still  hold  as  many  years  hence  though  it  was  humanly 
certain  this  would  not  be  the  case.  He  simply  desired  to  give  that 
as  an  example  of  the  sort  of  thing  which  should  be  looked  out  for 
and  corrected  where  necessary  in  using  the  collective  method.  Of 
course  if  salaries  were  involved  even  greater  caution  was  necessary. 
He  also  thought  that  where  the  collective  method  was  used  it  was 
certainly  preferable  to  use  the  combined  ratios  at,  say,  the  valuation 
date  with  those  of  the  previous  five  years,  rather  than  to  go  back 
five,  ten  or  fifteen  years. 

There  was  one  other  point.  It  had  been  put  forward  by  advocates 
of  the  collective  method  as  a  convincing  argument  that  the  valuation 
was  based  on  the  latest  ratios  and  was  always  up  to  date.  He  thought 
that  contention  had  been  disposed  of,  but  he  would  also  like  to  add 
that  if  so  based  it  was  perhaps  a  little  too  much  up  to  date,  the 
functions  varying  with  changes  that  might  be  purely  temporary  or 
due  to  paucity  of  data.  He  suggested  that  even  when  one  adopted 
a  method  of  that  sort  it  was  as  well  to  establish  standard  rates  and 
to  keep  to  those  standard  rates  as  long  as  possible,  until  it  was 
quite  evident  that  they  must  be  departed  from  owing  to  something 
inherent  in  the  statistics  and  not  due  to  merely  temporary  changes. 
He  advocated  that  purely  on  the  practical  ground  that  it  was 
inadvisable  to  change  the  valuation  basis  and  so  produce  very 
divergent  results  at  succeeding  investigations.  This  served  no 
useful  purpose  but  did  give  people  with  no  technical  knowledge  the 
feeling  that  actuarial  surpluses  or  deficiencies  were  unreal  and  not 
worth  consideration. 

Mr.  A.  D.  BESANT  said,  with  reference  to  the  previous  speaker's 
remarks,  that  in  dealing  with  a  Fund  which  had  not  been  in  exist- 
ence for  many  years  he  thought  it  would  sometimes  be  found  that 
the  collective  method  might  lead  to  mistakes.  He  had  had  an 
opportunity  some  time  ago  of  valuing  a  Bank  Fund  with  a  member- 
ship of  about  2,000.  The  Fund  had  been  valued  five  years  pre- 
viously by  the  late  Mr.  Vyvyan  Marr,  who  was  well-known  as  an 
expert  in  such  matters.  Mr.  Marr  had  valued  the  orphans'  benefits 
by  both  the  prospective  and  the  collective  methods,  and  the  reserve 
required  by  one  method  was  something  like  four  times  that  required 
by  the  other.  That,  he  thought,  was  largely  due  to  the  fact  that 
at  the  time  Mr.  Marr  had  made  his  valuation  the  Fund  had  only  been 
in  existence  some  15  years.  The  number  of  orphan  children  had  been 
quite  small  and  the  proportion  of  bachelors  in  the  Fund  had  been 
abnormally  large.  When  he  (the  speaker)  valued  the  Fund,  he  found 
that  the  position  had  changed  in  a  somewhat  unexpected  manner. 
First  of  all,  owing  to  the  war,  some  200  bachelors  had  been  killed 
and  the  proportion  of  bachelors  on  the  Fund  at  the  present  time 
was  much  smaller  than  would  have  been  expected  under  normal 
conditions.  Curiously  enough,  although  a  certain  number  of 
husbands  had  been  killed  in  the  war,  the  number  of  orphan  children 
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at  the  present  time  was  very  small,  and  was  actually  less  than  it 
had  been  five  years  ago.  One  would  have  expected  that  the  number 
of  orphans  would  have  increased  considerably  in  the  last  five  years. 
He  found  that  by  the  collective  method  he  would  have  to  make 
quite  a  small  reserve.  He  had  hesitated  to  make  a  smaller  reserve 
than  had  been  made  five  years  ago,  and  he  had  followed  Mr.  Marr 
(who  also  had  followed  his  predecessor,  the  late  Mr.  Archibald 
Hewat)  in  making  a  considerably  larger  reserve  than  that  required 
by  the  collective  method.  He  would  ask  the  author  whether  in  his 
own  experience  when  dealing  with  a  comparatively  young  Fund 
he  had  felt  satisfied  that  the  collective  method  formed  a  satisfactory 
basis. 

Mr.  E.  C.  THOMAS,  referring  to  the  point  raised  by  Mr.  Besant, 
said  that  there  seemed  to  him  to  be  a  little  confusion  as  to  the 
difference  between  the  two  methods  under  discussion.  It  was  by 
no  means  necessary,  although  it  was  very  useful  and  sometimes 
very  advantageous,  in  employing  the  collective  method,  to  use  the 
facts  derived  from  one's  own  experience.  The  collective  method 
simple  meant  that  one  took  a  certain  number  of  probabilities  and 
combined  them  in  a  very  simple  way  to  produce  a  result  which  it 
would  be  almost  impossible  to  obtain  by  the  prospective  method. 
Those  probabilities  one  could  obtain  from  one's  own  experience,  or 
from  a  standard  table  if  one  thought  the  latter  would  give  better 
results.  To  his  mind  the  greatest  advantage  of  the  method  was  that 
one  could  go  to  one's  own  experience,  and,  even  though  it  might  be 
a  very  limited  and  small  one,  if,  in  considering  all  the  special  cir- 
cumstances of  the  case,  one  could  be  satisfied  that  it  was  by  no  means 
abnormal,  one  could  then  use  the  figures  of  the  Fund  with  complete 
confidence  and  produce  a  result  which  would  bring  out  the  special 
features  of  that  Fund  and  not  merely  the  features  of  some  other 
Fund  which  might  be  entirely  different  from  it. 

He  was  in  some  doubt  as  to  when  the  collective  method  was  first 
used.  Up  to  the  time  when  the  late  Mr.  Manly's  monumental  paper 
on  Widows'  Funds  was  read,  he  thought  he  was  right  in  saying  that 
Mr.  Huie's  and  Mr.  Hewat's  methods  and  tables  held  the  field. 
Mr.  Manly's  own  paper  had  been  based  upon  a  combined  marriage 
and  mortality  table,  and  there  was  no  hint,  as  far  as  he  could 
remember,  in  the  discussion  which  followed,  of  any  easier  methods. 
In  the  discussion  Mr.  Manly's  paper  had  been  described  as  embodying 
the  collective  method,  but,  whatever  else  it  had  been,  it  certainly 
had  not  been  the  method  of  the  present  paper.  The  idea  of  using 
collective  methods  for  national  and  other  investigations  had  been  in 
the  air  for  many  years  ;  but  he  thought  the  germ  of  the  idea  under- 
lying the  present  paper  was  contained  in  Mr.  King's  paper  on  Family 
Annuities.  The  idea  of  going  to  the  statistics  of  the  living  instead 
of  the  dead  had  been  first  suggested,  at  least  to  himself,  by  Mr. 
Allin's  paper.  He  had  happened  at  the  time  to  have  been  grappling 
with  a  problem  similar  to  the  one  now  under  discussion,  involving 
the  question  of  salary  combined  with  widows'  and  orphans'  benefits 
in  such  a  way  that  it  had  been  almost  impossible  to  tackle  it  by  the 
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old  methods.  Mr.  Allin's  paper  had  been  put  into  his  hands  with  a 
view  to  his  opening  the  discussion  on  it,  and  he  therefore  had  had  to 
study  that  paper  rather  carefully.  By  the  light  of  Mr.  Allin's 
suggestions  he  had  been  enabled  to  solve  his  own  difficulties.  Mr. 
King;  to  whom  he  had  shown  his  own  solution,  had  thought  suffi- 
ciently well  of  it  to  suggest  that  he  should  prepare  a  short  note  for 
publication  in  the  Journal.  While  he  had  been  preparing  that 
note,  Mr.  Ackland,  who  was  then  Editor  of  the  Journal,  had  written 
to  him  enclosing  a  paper  by  Mr.  Oscar  Schjoll,  and  suggesting 
that  he  should  prepare  a  suitable  abridgment  of  it  for  publication 
in  the  Journal.  When  he  had  read  that  paper  he  had  found  it  was 
an  exhaustive  description  of  that  very  method  at  which  actuaries 
in  this  country  had  only  just  arrived.  Mr.  Ackland  had  explained 
that  Mr.  Schj oil's  paper  had  been  in  possession  of  the  Institute  for 
many  years,  but  that,  owing  to  an  extraordinary  combination  of 
circumstances,  it  had  been  put  aside  and,  if  not  actually  forgotten, 
at  least  overlooked.  The  result  had  been  that  the  abridgment  of 
Mr.  Schj  oil's  paper  and  his  own  note  had  been  published  side  by 
side  in  the  same  number  of  the  Journal.  It  thus  appeared  that, 
while  British  actuaries  had  been  groping  towards  what  might  now 
be  considered  the  obvious  method  of  dealing  with  the  question, 
that  very  method  had  been  in  use  many  years  before  by  Mr.  Schjoll, 
and  a  full  description  of  it  had  been  in  the  hands  of  the  Institute  all 
the  time.  Of  course  nobody  had  mastered  the  contents  of  the 
paper,  and  those  who  had  made  contributions  on  the  subject  in  the 
meanwhile  had  been  absolutely  ignorant  of  its  existence.  He 
thought  that  the  method  had  come  to  stay.  In  his  opinion  it  would 
very  often,  if  not  usually,  give  more  dependable  results,  and  the 
gain  in  simplicity,  ease  and  labour-saving  was  beyond  all  question. 

Mr.  S.  J.  H.  W.  ALLIN,  in  closing  the  discussion,  said  the  most 
interesting  portion  of  the  paper  to  him  was  that  relating  to  the 
statistics  of  the  Fund  with  which  the  author  had  dealt.  New  data 
were  always  valuable,  not  only  as  such,  but  also  for  the  lessons 
which  they  taught  when  compared  with  statistics  obtained  from 
similar  Funds.  There  appeared  to  be  some  special  features  in  the 
statistics  which  the  author  had  given,  as  compared  with  those  of  a 
Fund  which  he  (the  speaker)  had  been  connected  with  for  many 
years  as  actuary,  a  Fund  very  much  on  the  same  lines  as  the  author's, 
namely,  the  "  Church  of  England  Presbyterian  Ministers'  Widows 
and  Orphans  Fund."  No  comparison  could  be  made  in  respect  of 
mortality  as  the  author  had  given  practically  no  information  on  that 
point.  The  other  main  functions  which  had  to  be  dealt  with  in  the 
valuation  of  these  Funds  were  the  proportion  of  married  men  to 
the  total,  the  relative  ages  of  husbands  and  wives,  and  the  size  of 
families.  The  proportions  of  married  men  in  the  Church  of  Ireland 
Fund  were  extremely  low  compared  with  those  in  the  Presbyterian 
Ministers'  Fund.  For  example,  under  age  30  the  author  found 
7  per-cent  married  as  against  the  Presbyterian  Fund's  40  per-cent  ; 
at  ages  31  to  40,  57  per-cent  as  against  79  per-cent  ;  at  ages  41  to 
50,  78  per-cent  as  against  86  per-cent ;  at  ages  51  to  60,  81  per-cent 
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as  against  85  per-cent ;  at  ages  61  and  over,  75  per-cent  as  against 
85  per-cent.  These  seemed  very  large  differences,  but  he  did  not 
think  they  were  altogether  surprising,  and  there  appeared  to  be  a 
satisfactory  explanation  which  would  also  account  for  the  divergence 
from  the  figures  obtained  from  the  Firemen's  Fund  to  which  Mr. 
Tinner  had  referred.  A  large  number  of  the  clergymen  of  the  Church 
of  Ireland  Fund  were  probably  curates  and  their  salaries  were  so 
small  that  they  did  not  permit  of  their  getting  married.  In  the 
Presbyterian  Ministers'  Fund  he  believed  there  were  practically  no 
assistant  clergy  and  every  minister  got  a  salary  upon  which  he  was 
able  to  marry.  The  position  was  probably  very  much  the  same  in 
the  case  of  the  Firemen's  Fund,  where  a  man  on  reaching  maturity 
got  a  full  working  wage,  on  which,  in  his  position,  he  could  marry. 
He  thought  that  probably  was  the  explanation.  With  regard  to 
the  ages  of  wives,  from  age  45  to  age  50  the  wives  of  Presbyterian 
ministers  seemed  to  be  a  little  older,  but  generally  the  figures  of  the 
two  Funds  were  in  very  close  agreement.  With  regard  to  the  size 
of  family,  however,  there  was  considerable  difference.  In  the 
Presbyterian  Ministers'  Fund  the  orphans  received  pensions  up  to 
age  18  only.  Allowing  for  this,  he  found  that  the  average  number  of 
children  per  married  man  or  widower  was  1*5  in  the  Church  of 
Ireland,  whereas  in  the  Presbyterian  Ministers'  Fund  it  was  20 
per-cent  lower,  namely,  1-2.  He  could  not  put  forward  any  ex- 
planation for  that  very  low  figure,  but  he  might  mention  that  he 
had  found  a  continual  decrease  in  the  average  number  of  children 
from  year  to  year  since  1902,  when  he  had  first  examined  the  Fund. 
Such  differences  in  Funds  which  were  apparently  similar  showed, 
he  thought,  that  past  experience  spread  over  a  number  of  years 
was  not  reliable  and  that  one  must  go  to  the  Fund  itself.  He  thought 
Mr.  Thomas  had  really  put  the  matter  in  a  nutshell :  although  the 
data  of  the  Fund  should  be  employed  by  use  of  the  collective  method 
it  should  not  necessarily  be  used  without  adjustment.  It  should 
be  adjusted  if  it  was  considered  that  the  present  facts  would  not  be 
reproduced  in  the  future.  He  thought  it  was  distinctly  preferable 
to  use  the  material  obtained  from  the  living  members  of  the  Fund 
rather  than  to  go  back  to  experience  which  was  many  years  old. 
It  was  true  that  by  using  the  present  data  one  was  involving  forces 
which  had  come  into  play  many  years  ago,  but  surely  any  error 
was  accentuated  if  one  used  tables  which  were  constructed  many 
years  ago,  like  Mr.  Hewat's.  Of  course,  if  the  Fund  were  large 
enough  to  obtain  rates  of  marriage  and  issue  based  on  the  experience 
of  the  last  few  years,  it  would  be  the  most  satisfactory  course  to 
employ  such  data,  but  in  the  bulk  of  the  cases  the  data  were  too 
limited. 

A  comparison  of  the  author's  valuations  by  the  prospective 
method  and  by  the  collective  method  seemed  to  him  of  very  little 
value,  since  there  was  only  one  factor  in  common,  namely,  the  rate 
of  interest.  The  results  were  obscured  by  the  different  tables  of 
mortality  which  had  been  used.  The  difference  in  the  value  of  the 
contributions  was  entirely  due  to  the  rate  of  mortality,  whilst  as 
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regards  the  value  of  the  widows'  benefits  there  were  three  factors 
corning  into  play.  First  there  was  the  mortality  of  the  husbands. 
The  rates  used  by  the  author  for  the  collective  valuation  were  very 
much  lower  than  those  employed  for  the  reversionary  valuation. 
Secondly,  the  probabilities  of  being  a  married  man  were  also  less, 
and  thirdly,  the  value  of  the  annuity  to  the  widow  on  the  death 
of  the  husband  was  based  on  a  mortality  which  was  very  much 
lighter  in  the  case  of  the  collective  valuation.  Surely  for  a  proper 
comparison  the  rates  of  mortality  employed  should  have  been  the 
same  for  both  methods.  Then  the  effect  of  employing  marriage 
rates  obtained  by  Hewat's  tables  on  the  one  hand  and  the  probability 
of  being  married  obtained  from  the  experience  of  the  Fund  itself 
could  have  been  seen.  With  regard  to  the  rate  of  mortality  which  the 
author  had  used,  he  did  not  understand  why  the  author  had  employed 
King's  Elementary  Teachers'  Table.  That  table  was  a  hybrid  one 
and  had  been  formed  for  a  special  purpose,  and  he  could  see  no 
reason  why  it  should  be  expected  to  reproduce  the  mortality  of  the 
clergy  ;  nor  in  fact  did  it,  according  to  what  the  author  himself 
had  stated.  The  Clergy  Mutual  Table,  adjusted  for  increased 
longevity  since  the  date  of  that  experience,  would  probably  have 
fitted  the  facts  very  much  better,  but,  even  assuming  that,  for  the 
purpose  of  strengthening  the  valuation  because  of  the  small  size  of 
the  Fund  and  possible  fluctuations,  the  author  had  considered  it 
well  to  employ  a  mortality  table  showing  rather  heavy  rates,  he 
(the  speaker)  would  have  thought  that  a  table  like  Hewat's,  which 
was  based  on  the  mortality  of  the  clergy,  would  have  been  much 
more  suitable.  He  considered  it  was  very  important,  especially 
in  the  case  of  widows'  Funds,  to  see  that  the  incidence  of  mortality 
was  correct.  In  such  Funds  the  sum  at  risk  varied  with  the  age 
passed  through,  and  the  incidence  of  the  mortality  was  surely  a 
point  that  could  not  be  overlooked.  He  had  compared  the  rates 
of  mortality  by  the  Elementary  Teachers'  Table  and  Hewat's,  and 
the  results  were  very  curious.  From  age  22  to  31,  King's  mortality 
was  lower  ;  from  32  to  45,  Hewat's  mortality  was  lower  ;  from  46 
to  60,  King's  was  lower  ;  and  again  from  61  to  70  Hewat's  was 
lower. 

He  wished  that  the  author  had  dealt  with  some  of  the  special 
problems  which  arose  out  of  the  Fund.  For  example,  there  was  an 
increase  of  pensions  to  orphans  after  the  death  of  their  mother. 
The  author  suggested  adding  a  percentage  margin.  On  what  basis 
was  that  margin  to  be  fixed  ?  It  would  have  been  very  interesting 
if  the  author  had  dealt  with  this  problem  scientifically.  The  value 
of  the  orphans'  annuity  consisted  of  two  parts:  the  term  annuity 
and  an  additional  temporary  deferred  annuity  commencing  after 
the  death  of  the  mother.  The  value  of  that  annuity  depended 
upon  the  age  of  the  mother,  and  he  thought  some  very  interesting 
facts  might  have  been  brought  out  on  further  investigation  as  to 
the  relative  ages  of  mothers  and  children.  The  problem  of  the 
widows'  annuity  ceasing  on  re-marriage  had  also  not  been  dealt  with. 
Ee-marriage  rates  at  the  present  time  were  of  very  great  importance, 
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and  if  the  author  had  been  able  to  give  any  information  on  the 
subject  it  would  have  added  to  the  store  of  information. 

In  conclusion,  he  must  take  exception  to  the  author's  statement 
that  an  approximation  he  had  made  in  the  valuation  was  in  the 
direction  of  safety — "  a  direction  always  very  popular  with  the 
actuarial  mind."  In  his  view  an  actuarial  calculation  should  be 
exact :  that  is,  as  exact  as  it  could  be  made.  Of  course  margins 
were  sometimes  necessary  to  cover  possible  or  even  probable 
fluctuations,  but  he  did  not  think  actuaries  ought  to  make  a  calcula- 
tion which  included  an  unnecessary  loading  and  call  it  an  actuarial 
calculation.  In  many  cases  an  actuarial  calculation  had  to  deter- 
mine definite  liability  as  between  two  parties,  and  in  such  cases 
serious  injustice  might  be  done  if  any  loading  were  added.  It 
seemed  advisable  to  emphasize  the  fact  that  an  actuarial  calculation 
was  an  exact  calculation  as  far  as  the  probabilities  allowed  actuaries 
to  make  it  so. 

The  PRESIDENT,  in  moving  a  vote  of  thanks  to  the  author, 
said  that  any  actuary  who  valued  his  own  reputation  and  that  of 
the  Institute  must  approach  the  problems  arising  out  of  widows' 
and  similar  Funds  with  extreme  caution,  on  account  of  the  paucity 
of  the  data  usually  available  in  connection  with  such  Funds,  a 
paucity  which  created  doubt  not  only  as  to  the  value  of  the  figures 
derived  from  the  experience  under  immediate  consideration,  but 
also  as  to  the  value  of  any  comparisons  which  might  be  made  with 
other  results  derived  from  similar  limited  material.  Caution  was 
also  necessary  on  account  of  the  changes  that  took  place  in  the 
conditions — economic  or  financial — under  which  such  Funds  were 
conducted — changes  to  which  Mr.  Bacon  had  referred.  Changes 
of  that  kind  might  come  very  suddenly  and  seriously  impair  a  Fund 
in  the  interval  between  two  valuations.  Other  changes  had  also  to 
to  be  taken  into  account,  or  at  any  rate  their  possibility,  namely, 
changes  coming  from  pressure  of  the  members  interested  in  the 
Fund,  pressure  which  it  was  often  very  difficult  to  resist  success- 
fully, because,  as  he  had  pointed  out  on  another  occasion,  the 
constitutions  of  Funds  were  often  of  a  very  democratic  nature, 
and  allowed  the  possibility  of  damaging  alterations  in  the  rules. 

Dr.  HOWELL,  in  reply,  said,  with  reference  to  Mr.  Tinner's 
remarks,  that  by  using  the  Carlisle  Joint  Life  Annuity  Tables  and 
rating  down  the  wives'  ages  by  three  years,  prospective  annuities 
to  existing  wives  could  be  valued  with  great  celerity.  That,  he 
thought,  was  the  only  merit  possessed  by  a  prospective  valuation 
so  made.  As  regards  the  method  of  finding  the  average  value  of 
an  annuity  to  the  widow  of  a  husband  dying  at  age  x,  he  had  referred 
in  the  paper  to  the  fact  that  the  unweighted  ages  which  he  had 
obtained  agreed  very  closely  with  those  which  Mr.  Marr  had  got 
out  on  the  weighted  plan.  Mr.  Tinner  took  exception  to  the  method 
of  dealing  with  the  members  regardless  of  whether  they  were  bachelors, 
married  men  or  widowers.  The  method  might  not  be  correct,  but 
Mr.  Tinner's  alternative  method  of  assuming  that  every  man  upon 
the  Fund  was  a  married  man  or  a  widower,  and  then  correcting  that 
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assumption  by  making  deductions  on  account  of  bachelors,  seemed 
to  him  much  more  open  to  criticism.  Mr.  Tinner  also  had  submitted 
certain  figures  relating  to  the  London  Fire  Brigade  and  had  compared 
them  with  the  corresponding  figures  for  Church  of  Ireland  clergymen. 
The  cases  were  entirely  different.  A  Church  of  Ireland  clergyman 
belonged  to  the  professional  class  and  was  generally  a  university 
man  ;  he  started  on  a  small  salary  and  it  took  him  a  long  time 
to  progress  beyond  it.  Eventually  he  might  settle  down  as  a 
married  man.  The  fireman  was  able  to  marry  much  earlier  and 
had  not  to  keep  up  an  appearance.  He  thought  that  explained 
the  difference. 

He  gathered  that  Mr.  Bacon  was  a  strong  advocate  of  the 
prospective  method.  In  theory  it  might  be  possible  to  justify  the 
claim  of  the  prospective  method  ;  but  to  urge  objections  against 
the  collective  method  and  to  omit  any  reference  to  the  far  larger 
assumptions  which  it  was  necessary  to  make  under  the  prospective 
method  seemed  unfair. 

With  reference  to  Mr.  Besant's  remarks  he  thought  that  even  in 
the  case  of  a  young  Fund,  it  was  right  to  use  the  collective  method. 
One  found  certain  proportions  of  married  men,  bachelors,  and 
widowers,  and  he  thought  one  ought  to  proceed  upon  the  assumption, 
until  it  was  disproved,  that  those  proportions  were  likely  to  prevail. 
Much  had  been  said  about  the  care  that  should  be  taken  to  deal 
with  changing  factors  in  the  social  state,  but  he  would  like  to  know 
what  form  that  precaution  should  take,  and  whether  it  could  be 
expressed  in  a  formula.  He  had  little  doubt  in  his  own  mind  that 
it  should  take  the  form  of  holding  back  a  substantial  portion  of  the 
surplus. 

Mr.  Thomas  had  really  replied  to  the  whole  discussion.  He  was 
glad  to  find  that  Mr.  Thomas  was  in  favour  of  using  the  experience 
of  the  living.  The  only  doubt  in  his  (the  author's)  mind  had  been 
as  to  how  far  this  was  legitimate.  It  was  an  extraordinary  thing 
that  until  Mr.  Allin  had  had  the  courage  to  publish  a  paper  based 
upon  living  experience  there  had  been  no  pronouncement  on  the 
subject.  He  hoped  the  Institute  now  officially  recognized  the 
legitimacy  of  the  method. 

In  conclusion,  he  expressed  disappointment  that  his  reference 
to  Mr.  Lidstone's  ingenious  plan  of  deducing  marriage  rates  from 
a  collective  experience  had  not  brought  out  any  contribution  to 
that  very  interesting  subject. 


The  following  letter  with  reference  to  Dr.  Howell's  paper 
appeared  in  the  Insurance  Record  of  2  January  1920  : 

To  the  Editor  of  the  Insurance  Record. 

Sir, — I  should  have  liked  very  much  to  have  been  present  at 
the  reading  of  Mr.  Howell's  paper  at  the  Institute  of  Actuaries  and 
to  have  taken  part  in  the  discussion,  but,  unfortunately,  from  the 
position  in  which  I  was  placed,  I  found  that  impossible.  Perhaps 

d  2 
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you  will  allow  me  now  to  give  in  few  words  what  I  should  probably 
have  said  had  I  been  able  to  attend. 

In  the  first  place,  I  should  like  to  thank  Mr.  Howell  for  all  the 
kind  references  to  myself  which  he  made  in  his  paper,  and  to  corro- 
borate his  statements  that  I  co-operated  with  him  in  the  valuations 
of  the  Church  of  Ireland  Widows'  and  Orphans'  Fund  and  entirely 
concurred  in  the  principles  and  methods  which  he  adopted,  and 
that  I  also  endorsed  the  results  which  were  brought  out  and  his 
recommendations  thereon. 

It  may  be  well  to  place  on  record  the  origin  of  my  paper  on 
"  Family  Annuities."  Some  of  the  speakers  seem  to  have  thought 
that  it  was  the  result  of  a  roving  scientific  enquiry  without  any 
definite  object  having  been  in  view.  That,  however,  is  not  the  case. 
About  the  year  1890  the  late  Eight  Hon.  Joseph  Chamberlain,  M.P., 
and  the  late  Dr.  W.  A.  Hunter,  M.P.  for  Aberdeen,  were  collaborating 
on  the  question  of  National  Pension  and  other  Funds,  and  were 
going  into  it  very  thoroughly.  I  had  the  privilege  of  knowing 
Dr.  Hunter  very  well,  and  we  had  many  meetings  at  which  the  matter 
was  discussed,  and  he  asked  me  to  make  a  report  to  Mr.  Chamberlain 
and  himself  in  which  I  was  to  try  to  estimate  the  cost  of  the  schemes 
which  they  had  in  their  minds.  I  took  up  the  matter  very  gladly, 
and  after  reporting  to  these  gentlemen  I  thought  that  a  paper 
might  be  submitted  to  the  Institute  of  Actuaries  which  would  be 
interesting  and  useful.  Hence  my  paper  on  "  Family  Annuities 
read  before  the  Institute  in  December  1892,  and  it  is  a  great  satis- 
faction to  me  to  find  it  referred  to  again  after  all  these  years.  The 
method  was  devised  for  the  purpose  of  estimating  the  cost  of  the 
various  benefits  which  Messrs.  Chamberlain  and  Hunter  hoped  to 
provide  by  legislation  for  the  industrial  population  of  the  country, 
and  it  was  applied  practically  accordingly.  I  have  not  been  able 
to  find  a  copy  of  my  report,  but  the  tables  in  the  paper  were,  I  think, 
included  in  it,  and  were  certainly  some  of  those  used  in  my  enquiry. 
So  far  as  I  know,  this  was  the  first  occasion  on  which  the  method 
now  known  as  the  Collective  Method  was  employed.  It  may  be 
remarked  that  this  collective  method  is  not  the  same,  and  has  not 
quite  the  same  objects,  as  the  method  devised  by  the  late  Mr.  E.  P. 
Hardy.  This  becomes  apparent  when  his  writings  on  the  subject 
are  studied,  and  need  not  be  elaborated  here. 

A  curious  event  happened  in  1908,  when  the  Eoyal  Commission 
on  the  Poor  Laws  and  Eelief  of  Distress  was  sitting.  The  Com- 
mission applied  to  three  actuaries  to  report  to  them  on  the  cost  of 
various  schemes  which  were  being  investigated.  The  actuaries 
were  the  late  Mr.  T.  G.  Ackland,  Mr.  F.  G.  P.  Neison  and  myself, 
and  none  of  us  knew  that  the  others  had  been  consulted  until  our 
reports  came  out  in  print  in  the  volume  published  by  the  Commission. 
These  reports  were  therefore  absolutely  independent,  and  those 
who  care  to  look  into  them  will  see  the  different  lines  the  actuaries 
took.  As  a  matter  of  fact,  although  Mr.  Ackland's  report  and  mine 
differ  considerably  in  many  respects,  yet  there  is  a  great  similarity. 
The  benefits  which  we  had  to  investigate  were  sickness  and  invalidity 
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in  respect  of  males  ;  illness,  maternity  and  burial  in  respect  of 
wives  ;  illness  and  burial  of  children  ;  and  what  have  been  called 
"  family  annuities  "  to  widows  and  children  :  and,  lastly,  unemploy- 
ment. I  myself  followed  wherever  practicable  the  collective  method, 
and  I  obtained  statistics  from  many  sources.  These  reports  seem 
to  be  very  little  known,  and,  so  far  as  I  am  aware,  nothing  has  been 
heard  of  them  since.  I  still  possess  a  few  copies  of  a  reprint  of  all 
the  three  reports  in  one  pamphlet,  and,  should  anyone  care  to  see 
them,  I  shall  be  happy,  so  far  as  my  stock  goes,  to  supply  a  copy  to 
anyone  to  whom  they  may  be  useful. 

The  principal  statistics  required  are  those  relating  to  the  relative 
ages  of  husbands  and  wives,  and  to  the  number,  sexes  and  ages  of 
the  children  of  fathers,  and  these  statistics  are  very  difficult  to  find. 
As  to  the  relative  ages,  there  are  tables  given,  based  upon  the  Census 
of  1901,  which  supply  the  information  as  at  that  date,  but  un- 
fortunately these  have  been  omitted  from  the  published  documents 
of  the  1911  Census.  I  tried  to  get  them  when  I  was  preparing  my 
first  report  on  that  Census  to  the  Eegistrar-General,  but  they  were 
not  available. 

Then,  in  this  country,  we  have  no  public  statistics  whatever  of 
the  kind  required  as  to  children,  although  some  actuaries  have 
private  information  relating  to  particular  funds.  It  would  be  well 
if  the  forms  which  will  soon  have  to  be  settled  for  the  Census  of 
1921  should  include  questions  as  to  the  number,  ages  and  sexes  of 
the  living  children  of  fathers  who  are  enumerated.  This  might  cause 
a  good  deal  of  additional  work  and  might  be  difficult  to  adopt,  but, 
nevertheless,  it  is  very  important.  In  New  Zealand  the  information 
is  collected  on  the  death  certificates  of  males,  but  so  far  I  do  not 
think  it  is  asked  for  at  the  Censuses.  If  we  cannot  get  it,  therefore, 
in  the  British  Census,  the  Registrar-General  might  be  urged  to  have 
it  supplied  when  deaths  are  registered. 

It  is  earnestly  to  be  hoped  also  that  at  the  Census  of  1921 
particulars  as  to  the  relative  aofes  of  husbands  and  wives  should  be 
included  in  the  tables  that  will  be  published. 

I  have  always  advocated  that,  as  far  as  possible,  the  statistics 
of  the  fund  itself  should  be  employed  in  the  valuations,  but  here  it 
is  necessary  to  emphasize  the  words,  "  as  far  as  possible."  In 
starting  funds  it  is  seldom  that  full  particulars  can  be  obtained,  and 
in  any  case  many  years  must  elapse  in  the  history  of  a  fund  before 
a  sufficient  mass  accumulates,  and  the  actuary  must  fall  back  upon 
such  statistics  as  he  can  find  relating  to  lives  of  a  similar  class  to 
those  included  in  the  fund  he  has  in  hand.  It  is  here  that  sound 
judgment  and  experience  on  the  part  of  the  actuary  are  essential. 

I  am,  Sir, 

Your  obedient  Servant, 


15,  Wall  rook,  London,  E.C. 


GEORGE  KING. 
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A  New  Method  of  Valuing  Policies  in  Groups.  By  H  L. 
Trachtenberg,  B.A.,  A.I.A.,  Actuarial  Assistant  in  the 
Statistical  Department  of  the  Medical  Research  Committee. 

[Submitted  to  the  Institute,  2  February  1920.] 
I. — Description  of  Method. 

ThE  underlying  idea  of  this  paper  is  the  valuation  of  the  sum 

assured  (S)  in  groups  of  t  years  by  multiplying  the  total  sum 

_  t-i 

by  a  tabulated  function  oc  and  X      i_\      by  a  tabulated  /3. 

A  similar  arrangement  can  be  adopted  for  premiums,  &c.  The 
method  may  be  exemplified  by  the  following  valuation  of  a 
group  of  10  years  of  age  : 


Age 

S 

X 

Sx 

£ 

57 

192,702 

4-5 

867,159 

56 

180,889 

35 

633,112 

55 

206,423 

25 

516,058 

54 

129,708 

1-5 

194,562 

53 

147,563 

0-5 

73,782 

2  +  2,281,673 

52 

126,722 

-0-5 

63,361 

51 

134,623 

-To 

201,935 

50 

114,779 

-2-5 

286,948 

4-y 

115,348 

-3-5 

403,718 

48 

165,686 

-4-5 

745,587 

5-1,701,549 

Totals 

1,514,413 

+  583,124 

t-l 

In  this  case  2S  =  1,514,443  and  %~JJ         +  583,124.  The 

values  of  a  and  ft  for  the  age  group  48-57  are  '58804  and 
'01056  so  that  the  value  of  the  group 

=  1,514,443  x  -58804+583,124  x  '01056 
=  896,711, 
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showing  a  deviation  from  the  true  value  £896,755  of  £44  or 

less  than  *1  per  mille. 

We  may  now  consider  the  forms  taken  by  a  and  ft.  Let 

/(#)  be  the  quantity  to  be  valued,  i.e.,  sum  assured,  premium, 

reversionary  bonus,  &c,  and  ux  the  function  by  which  the 

valuation  is  made,  i.e.,   A,    a,    &c.    Also  let  stand 
t— i 

for  2!.    Then  we  require  to  express  ^(t)f(x)ux  in  the  form 

c&tt)f(x)+fiZ{i)xf{x)  .  .  .  .  .  (i) 

This  may  be  done  bv  taking- 

°  t-i  __i 

Si  ux—%t-\ux 

&-  2  -di) 

4 

The  result  is  the  reproduction  of  the  true  value  as  far  as  second 
differences  of  ux  in  cases  where  f(x)  is  linear. 

For  if  u0  is  the  value  of  u  for  the  central  age  of  the  group, 
and  «0  and  b0  are  the  first  and  second  central  differences  of  uQ, 

b  a?2 

then  as  far  as  second  differences  ux=u0+a<fl}-\ — ^-  . 

Applying  this  formula  to  each  value  of  u  in  a  and  ft  and 
iming  : 

«  =  .[«    t_Y+n    t_l  +...  +  U    1+u1+ .  .  .  +  uf_H+uf_1]-±-t 

  -'0  T  °0 

t2 

L'  2  2  2  '  55  2 


Thus  the  formula 

«SW/(«)+l8S(*)»/(«) 

=(«.+ 

But  (c/.  Gr.  J.  Lidstone,  J. I. A.,  vol.  xlv,  p.  485)  the  true  value 
%(£)f(xju,x  as  far  as  second  differences 
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where 


PW(«>))|«,  +  (  mm  -rfj-g-J, 
(Sffl/W)|«o  +  «otP  +  fc.Y+(  -u-j-2j 


since  w  has  the  value  shown  above,  and  the  coefficient  of  Q 

t2—  1  . 
reduces,  when  /(a?)  is  linear,  to      ^  .     (Compare  A.  E.  King, 

J.I.A.y  vol.  xlviii,  pp.  121  e£  seg.  and  H.  E.  Melville's  remarks 
in  discussion).  This  expression  is  identical  with  that  given 
by  the  formula  (I). 

It  has  been  assumed  above  that  t  is  even.  When  t  is  odd 
forms  of  a  and  /3  which  likewise  cause  (I)  to  reproduce  the 
true  value  as  far  as  second  differences  of  ux  if  f(x)  be  linear, 
are  :  f_l 

a=*m>9      /3=~  ^      .  (Ill) 


4 

A.  E.  King,  in  his  method  of  approximation  described 
in  the  paper  just  mentioned,  used  the  valuation  factor 

as  an  approximation  to 

and  in  the  discussion  H.  E.  Melville  pointed  out  that  if 

the  sum  assured  was  linear  the  error  was  — . 

di 

A.  E.  King's  method  has  the  advantage  of  a  single 
multiplication  ;  mine  requires  no  interpolation. 

As  has  been  seen  the  method  has  been  established  quite 
generally  for  a  group  of  any  size.  It  could  therefore  be  used 
to  value  the  whole  of  the  particulars  in  a  single  group.  This 
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would,  however,  require  more  work  at  the  time  of  the  valuation 
than  would  be  necessary  if  groups  of  10  were  employed.  For 
then  the  ingenious  system  of  card  and  class-book  entries 
proposed  by  A.  E.  King  for  use  in  connection  with  his  own 
method  could  be  used  for  the  same  purpose  of  preparing  the 
particulars  for  valuation  as  far  as  possible  prior  to  the  date  of 
valuation.  These  entries  are  the  same  for  my  method  as 
for  his. 

It  will  be  noticed  from  formula  (I)  and  (II)  that  both 
ft  and  the  2  by  which  it  is  multiplied  may  be  either  positive 
or  negative.  Now  since  ft  depends  only  on  the  valuation 
factor  its  sign  is  always  known  in  advance.  The  sign  of  the 
5  depends  on  the  actual  sums  assured  (or  other  quantity  to  be 
valued)  in  the  particular  group  being  valued. 

II. — The  Construction  of  the  Tables. 

Tables  of  the  two  quantities  a  and  ft  are  easily  constructed. 
For  instance,  taking  the  case  of  the  sums  assured  by  whole- 
life  assurances  we  have  only  to  deal  with  A^  and  work  out 

4  "5  —  'o 

5  A  —  1  A 

4.5  ^  ^x      -  J^x 

1  A^IO  for  a  and   ~4'°     for  ft.    Obviously  the  easiest 

—  4-0  ^  O 

way  to  form  such  a  table  is  to  sum  in  fives  throughout. 

It  has  been  seen  that  as  far  as  second  differences  for  any 
group,  ft  is  independent  of  t,  the  size  of  the  group,  because  it 
is  equal  to  the  first  central  difference  of  the  central  term  (a0). 
Thus  ul—u_x  the  value  of  ft  for  the  simplest  case  of  t  =  2 
could  theoretically  be  taken  for  the  value  of  8  for  groups 
of  10.  It  is,  however,  preferable  to  use  the  full  expression 
for  t=  10  since  irregularities  in  two  values  would  be  magnified 
b}T  the  larger  multipliers  in  a  group  of  ten  terms.  For  a 
similar  reason  I  have  not  worked  on  differences  in  constructing 
the  tables. 

Like  those  of  A.  E.  King  my  tables  are  based  on  0M  3  per- 
cent and  supply  the  functions  a  and  ft  corresponding  to  the 
detailed  valuation  factors  A^,  ax,  lO^D"1  and  «M-»+5:n|> 

The  tables  showm  below  are  abridged  forms  of  the  full 
tables  which  are  deposited  for  reference.  The  values  of 
a  and  ft  for  every  tenth  decennial  group  and  for  one  maturity 
age  60  are  shown  : 
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For  groups  of  10  years. 


0' 


3  per-cent. 


Age 
Group 

x  —  x  +  9 

A* 

a 

10-19 

•27688 

•00565 

20-29 

•34052 

•00705 

30-39 

•41720 

•00829 

40-49 

•50693 

•00967 

50-59 

•60925 

•01069 

60-69 

•71615 

•01049 

70-79 

•81338 

•00878 

80-89 

•88812 

•00611 

90-99 

•93560 

•00345 

For  groups  of  10  years. 

qM 

3  per-cent. 

Age 

ax 

Group 

x  —  x  +  9 

a 

-$ 

10-19 

23  -827 

•194 

20-29 

21  -642 

•242 

30-39 

19  -009 

•285 

40-49 

15  -929 

•332 

50-59 

12-416 

•367 

60-69 

8-746 

•360 

70-79 

5-407 

•301 

80-89 

2-841 

•210 

90-99 

1  -211 

•118 

For  groups  of  10  years. 
0M  3  per-cent. 


0' 


For  groups  of  10  years. 

3  per-cent. 


Age 
Group 

x  —  x  +  9 

io5d;] 

Un- 
expired 
Term 
Group 

a  —  u +  9 

<ZbO— n+1  :  n. 

a 

+  /3 

a 

Diff. 

+  /3 

Diff. 

15-24 

1 

•851 

•062 

0-9 

3-878 

15 

•810 

. 

5 

25-34 

2 

•610 

•092 

10-19 

10  -654 

57 

•566 

35-44 

3 

•773 

•145 

20-29 

15  -587 

83 

•428 

2 

45-54 

5 

•693 

•250 

30-39 

19  -390 

94 

•336 

55-64 

9 

•426 

•537 

III. — Incomplete  Groups. 

If  the  method  be  applied  to  decennial  groups  based  on 
special  class  books  as  suggested  by  A.  E.  King  there  will  be 
incomplete  groups  at  the  beginning  and  end  of  the  particulars 
for  valuation,  and  it  is  well  to  formulate  a  rule  to  be  followed 
in  these  cases.  As  the  expressions  for  a  and  ft  were  obtained 
for  any  value  of  t  no  further  algebraic  investigation  is  required, 
but  it  will  be  useful  to  see  how  tables  worked  out  for  decennial 
groups  can  be  used  for  smaller  groups. 

Since  0tf.  =  ii(y+  --n  —  b0 

ftt  is  the  same  whatever  the  value  of  t  as  long  as  the  group 
has  the  same  central  age  and  is  therefore  obtained  by  taking 
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the  (3  from  tlie  tables  for  that  decennial  group  having  the 
same  central  age. 

For  OLt  the  procedure  is  to  take  the  value  of  al0  in  the 
Tables  for  the  group  having  the  same  central  age  as  the 
group  t}  and  use  the  expressions  shown  in  the  following  table 
where  h  is  the  mean  of  the  two  values  in  the  detailed  table  on 
each  side  of  the  central  value  of  the  group. 


t 

at 

2 
4 
6 
8 

h 

«10—  g  («!<>  —  //) 

2 

BIO"  g(°10  —  *) 
«io—  |(«10  7*) 

No  values  are  shown  for  incomplete  groups  of  t  where  t  is  odd, 
as  it  may  be  assumed  that  there  is  another  term  at  the  free 
end  of  the  incomplete  group  with  zero  against  it,  and  the 
group  is  then  dealt  with  as  an  even  group. 

Alternatively  of  course  OLt  can  be  easily  calculated  directly 
from  the  formula  for  group  t. 

IV. — Conversion  Tables. 

As  regards  the  use  of  conversion  tables  for  obtaining  the 
a  and  /3  for  an  A  factor  from  the  a  and  ft  for  the  corresponding 
a  factor,  just  as  A.  E.  King  enters  the  conversion  tables  in 
exactly  the  same  way  as  would  be  done  for  the  ordinary  factor 
of  the  detailed  valuation,  so,  in  applying  my  method  the  a  for 
the  Assurance  (A)  factor  is  obtained  by  entering  the  conversion 
table  with  the  a  for  the  Premium  (a)  factor.  The  /3  for  the 
A  factor,  however,  cannot  be  obtained  from  that  for  the  a 
factor  by  using  the  ordinary  conversion  table. 

Since,  however,  /3  for  the  Assurance  factor 

_  —  d  (fl4.5  +  a  3.5  4-  a.2.h  +  ft]  ,5  +  a.-  —  a^  —  a_x..  —  g_  2.5  —  g_3..  —  a_4.3) 

25 

==  —  d  x  Q8  for  the  annuity  factor), 

the  one  function  can  be  obtained,  from  the  other  bv  a  sino-le 
multiplication.  . 


44 


A  New  Method  of  Valuing  Policies  in  Groups.  [April 


V. — A  Valuation  by  the  Method. 

In  order  to  test  the  results  of  the  application  of  the  method 
to  an  actual  valuation,  consider  the  case  of  a  valuation  on 
31  December  1919,  of  an  office  whose  whole-life  assurance 
business  has  a  constitution  at  that  date  represented  by 
Mi*.  George  King's  model  office  No.  1  of  50  years  of  age, 
and  an  endowment  assurance  business  represented  by 
Dr.  Buchanan's  model  office  of  35  years  of  age. 

For  the  whole -life  office  I  constructed  the  sums  assured, 
compound  reversionary  bonus  of  30s.  per-cent  (Buchanan's 
formula,  J.T.A.,  vol.  xxxix,  p.  257)  and  premiums,  for  each 
attained  age. 

It  will  be  observed  that  there  is  a  jump  at  every  fifth  age, 
26,  31,  36  .  .  .  This  is  due  to  the  assumption  made  in  the  model 
office  that  the  entries  occur  at  central  ages  (20,  25  .  .  .  65),  and 
not  at  each  integral  age. 

This  makes  the  material  rougher  since  two  jumps  occur  in 
each  decennial  group  valued.  The  test  is  therefore  more 
severe  than  would  otherwise  have  been  the  case. 

In  the  case  of  the  endowment  assurances  I  constructed 
the  sums  assured  for  each  unexpired  term,  but  had  then  to 
insert  the  premiums  by  assuming  that  for  the  unexpired  term 
in  each  quinquennial  group  for  which  the  totals  were  published, 
they  were  proportional  to  the  corresponding  sums  assured. 
The  minor  differences  from  the  true  results  produced  by  this 
assumption  could  not  interfere  with  the  test,  for  the  same 
figures  were  used  for  making  the  detailed  valuation  for 
comparison.* 

The  maturity  ages  are  determined  by  Mr.  King's  methods. 
These  are  (1)  when  the  Z  method  is  used  obtain  an  average  Z 
for  the  group  by  dividing  the  total  Z  by  the  total  sum  assured ; 
(2)  use  Mr.  Elderton's  single  maturity  age  throughout.  I 
have  followed  the  first  because  the  Z  method  was  used  by 

*  Buchanan's  first  gronp  refers  to  unexpired  terms  1-4,  and  by  applying  the 
proportion  of  premiums  to  sums  assured  for  this  group  to  the  sums  assured  for 
unexpired  term  zero  I  obtained  the  premiums  for  unexpired  term  zero.  He 
omitted  these,  presumably  because  their  valuation  factor  is  zero,  none  being  due 
after  the  date  of  valuation,  though  the  sums  assured  are  payable  the  instant  after. 
I  have  included  them  as  they  form  no  exception  to  the  application  of  my  method. 
They  happen  to  form  a  group  by  themselves  and  their  value  comes  to  —1  instead 
of  zero.  It  is  a  type  of  error  that  can  never  exceed  2  in  magnitude,  being  due  to 
setting  down  the  a  multiplier  for  premiums  to  the  first  place  of  decimals  and  the 
two  products  whose  sum  gives  the  value  to  the  nearest  integer.  (For  suras 
assured  the  a  multiplier  is  set  down  to  the  nearest  integer.  For  both  sums  assured 
and  premiums  the  /3  multiplier  is  set  down  to  the  nearest  integer.) 
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Buchanan.*  Jumps  are  likewise  noticeable  in  the  numbers 
for  certain  unexpired  terms  in  the  model  office  for  endowment 
assurances. 

Tables  showing  the  particulars  and  result  of  the  valuation 
are  annexed,  and  it  will  be  observed  from  Tables  V  and  YI 
that  the  method  now  suggested  gives  results  that  approximate 
closely  to  those  of  a  detailed  valuation. 

Table  I. 


Model  Office  No.  1  for  Whole-Life  Assurances  (50  years). 
Particulars  for  each  age  attained  at  date  of  Valuation. 


Acta 

at- 
tained 

Sums 
A.ssured 

Reversion- 
ary 
Bonuses 

Net 
]P  r  e  m  111ms 

Age 
at- 
tained 

Sams 

-A.ssu.rcd. 

Reversion- 

ary 
Bonuses 

Xet 
Premiums 

21 

8,364 

109  -J 

59 

~  O  O  1  A 

Do,  oLV 

lo,8<  1 

1312  -3 

22 

7,330 

95  -7 

60 

51,828 

16,227 

1261  -9 

23 

6,633 

86  -6 

bl 

ero  ono 

16,632 

1355  -1 

24 

6,064 

79  -2 

o2 

rft  nt)7 

OU,08/ 

16,951 

1292  -0 

25 

5,644 

••■ 

73  -7 

CO 

47,864 

17,1 ( 5 

1229  -7 

26 

27,233 

80 

4  AO  < 

403  -4 

64 

{  X  ""OA 

4o, ;  39 

17,326 

1172  1 

27 

25,030 

153 

370  -4 

65 

43,608 

17,383 

1115  -1 

28 

23,357 

214 

345  -6 

66 

42,536 

17,440 

1138  -8 

29 

22,108 

274 

327  -0 

67 

40,378 

17,444 

1076  -6 

30 

21,084 

330 

311  -7 

68 

OO  1<1 

38,141 

17,315 

1013  -2 

31 

46,195 

626 

763  -9 

69 

35,948 

17,098 

952  -4 

32 

43,622 

900 

720  -2 

70 

33,774 

16,797 

892  -5 

33 

41,437 

1,147 

683  -6 

71 

30,314 

15,224 

816  -9 

34 

39,772 

1,388 

655  -5 

72 

28,269 

14,862 

759  -8 

35 

38,315 

1,616 

631  -1 

73 

26,164 

14,389 

699  -7 

36 

59,869 

2,149 

1092  -7 

74 

2#,051 

13,794 

641  -6 

37 

57.192 

2,653 

1041  1 

75 

21,900 

13,076 

582  -9 

38 

54,852 

3,116 

997  -1 

76 

16,783 

9,483 

479  -5 

39 

52,879 

3,556 

960  -0 

77 

14,943 

8,796 

426  -8 

40 

51^262 

3^979 

929  -9 

78 

13,163 

8,055 

376-0 

41 

66,857 

4,684 

1333  -5 

79 

11,459 

7,273 

327  -8 

42 

64,353 

5,350 

1279  -6 

80 

9,870 

6,489 

282  -8 

43 

61,988 

5,966 

1229  -8 

81 

6,398 

3,835 

205  -1 

44 

60,116 

6,559 

1190  -9 

82 

5,369 

3,340 

172-6 

45 

58,409 

7,118 

1155  -9 

83 

4,445 

2,867 

143  -2 

46 

68,554 

7,898 

1481  -3 

84 

3,609 

2,409 

116-7 

47 

66,175 

8,623 

1425  -2 

85 

2,874 

1,982 

93-3 

48 

63,938 

9,311 

1372  -9 

86 

1,618 

1,007 

60-1 

49 

62,002 

9,960 

1328  -5 

87 

1,255 

809 

46-8 

50 

60,159 

10,565 

1286-8 

88 

956 

636 

35-9 

51 

66,156 

11,325 

1536-7 

89 

718 

493 

27  1 

52 

63,923 

12,030 

1479  -0 

90 

535 

380 

20  -2 

53 

61,710 

12,674 

1422  -7 

91 

262 

167 

11-4 

54 

59,757 

13,270 

1374-6 

92 

184 

123 

8  -0 

55 

57,822 

13,795 

1327  -9 

93 

118 

81 

5  1 

56 

60,272 

14,417 

1484  -4 

94 

67 

48 

2-9 

57 

58,014 

14,974 

1422  1 

95 

29 

21 

1  -3 

58 

55,812 

15,453 

1363  -3 

96 

6 

4 

0-3 

*  I  reconstructed  the  Z's  from  maturity  ages  derived  from  the  published 
valuation  ages.  Those  for  unexpired  terms  0  and  1  were  not  given,  but  1  took 
for  these  the  maturity  age  58  for  unexpired  terms  2  and  3. 


46         A  New  Method  of  Valuing  Policies  in  Groups.  [April 


Table  II. 


Model  Office  for  Endowment  Assurances  (35  years). 
Particulars  for  each  unexpired  term  at  date  oj  Valuation. 


Un- 
expired 
Term 

Sums 
Assured 

Net 
Premiums 

z 

Un- 
expired 

Sums 
Assured 

Net 
Premiums 

z 

0 

132,947 

5,292  -9 

167,513 

20 

103,958 

2,918-7 

136,185 

1 

136,427 

5,431  -5 

171,898 

21 

106,834 

2,999  -5 

139,953 

2 

139,707 

5,562  -1 

176,031 

22 

110,350 

3,098  -2 

144,559 

3 

143,006 

5,693  -4 

180,188 

23 

114,833 

3,224  -0 

150,431 

4 

146,790 

5,844  -0 

186,423 

24 

121,264 

3,404  -6 

157,643 

5 

152,863 

6,021  -3 

194,136 

25 

61,424 

1,486  -7 

86,239 

6 

156,818 

6,177  1 

200,727 

26 

63,467 

1,536  1 

89,108 

7 

160,698 

6,329, -9 

205,693 

27 

66,108 

1,600-1 

92,088 

8 

164,563 

6,482  -2 

210,641 

28 

69,604 

1,684  -7 

96,958 

9 

168,583 

6,640  -5 

215,786 

29 

74,926 

1,813-5 

103,548 

10 

169,540 

6,528  -5 

218,707 

30 

22,109 

457  -4 

34,291 

173,539 

6,682  -5 

223,865 

31 

22,973 

475  -3 

35,631 

12 

177,780 

6,845  -8 

229,336 

32 

24,118 

499  -0 

37,407 

13 

182,382 

7,023  0 

235,273 

33 

25,674 

531  1 

39,820 

14 

187,843 

7,233  -3 

242,317 

34 

28,144 

582  -2 

43,342 

15 

156,473 

5,329  -9 

203,415 

35 

4,630 

82-6 

7,820 

10 

160,520 

5,467  -7 

208,676 

36 

4,847 

86-5 

8,187 

17 

165,212 

5,627  -6 

214,776  1 

37 

5,140 

91  -7 

8,681 

18 

170,956 

5,823  -2 

222,243  ! 

38 

5,554 

99-1 

9,381 

19 

178,716 

6,087  -5 

232,331  j 

39 

6,237 

111  -2 

10,453 

Table  III. 


Summary  of  Particulars.       JVJwle-Life  Assurances. 


Years 

of 
Birth 

Age 
Groups 

Sums  Assured 

Reversionary  Bonuses 

Net  Premiums 

a-multiplier 

/3-multiplier 

a-multiplier 

^-multiplier 

a-multiplier 

^•multiplier 

1823-29 

90-96 

1,201 

-  2,770 

824 

-  1,907 

49  -2 

-  109 

1830-39 

80-89 

37,112 

-  75,124 

23,867 

-47,509 

1,183-6 

-2,194 

1840-49 

70-79 

220,820 

-  208,908 

121,749 

-90,832 

6,003  -5 

-5,276 

1850-59 

60-69 

448,422 

-  154,322 

170,991 

7,969 

11,606  -9 

-3,293 

1860-69 

50-59 

597,435 

-  82,671 

134,374 

48,562 

14,009  -8 

-  565 

1870-79 

40-49 

623,654 

51,664 

69,448 

54,469 

12,727  -5 

2,656 

1880-89 

30-39 

455,217 

234,222 

17,481 

29,232 

7,856  -9 

5,137 

1890-98 

21-29 

131,763 

226,902 

721 

322 

1,890-8 

3,458 

2,515,624 

539,455 

55,328 
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Table  IV. 


Summary  of  Particulars,       Endowment  Assurances. 


— 

Years 
of 

Maturity 

Average 
Maturity 
Ages 

Unexpired 
Term 
Groups 

Sums  Assured 

Net  Premiums 

a-multiplier 

/3-multiplier 

a- multiplier 

^-multiplier 

1919 

1920-29 
1930-39 
1940-49 
1950-58 

58  -0 
58-1 
58  -4 
58  -9 
60  -9 

0 

1-10 
11-20 
21-30 
31-39 

132,947* 
1,538,995 
1,657,379 
810,919 
127,317 

-  66,474 
326,806 
-370,327 
-700,032 
-250,660 

5292  -9f 
60,710  -5 
59,039  -2 
21,304  -8 

2,558  -7 

-  2,647 
11,490 

-24,930 
-22,467 

-  5,310 

4,267,557 

i 

148,906 

*  Payable  the  instant  after  valuation. 

t  None  due  after  the  valuation,  but  the  total  is  taken  straight  from  the  class 
book,  like  that  for  any  other  group,  and  provides  no  exception  to  the  application 
of  the  method.    See  note  (#)  page  44. 


Table  V. 


Valuation  of  Whole-Life  Assurances.    0M  3  per-cent. 
a,  ft  Method '. 


Years 
of 

Sums  Assured 

Refeksionary 
Bonuses 

Net  Premiums 

Percentage  Deviation 
in  Value  of 

Birth 

Value 

Deviation 

Value 

Deviation 

Value 

Deviation 

S.A. 

R.B. 

N.P. 

Net  L. 

1823-29 
1830-39 
1840-49 
1850-59 
1860-69 
1870-79 
1880-89 
1890-98 
... 

1,110 

32,501 
177,777 
319,518 
363,103 
316,649 
191,859 

46,468 

-  1 

+  7 
+  2 

-  3 

-  2 
+  12 
+  12 

-  1 

761 

20,907 
98,230 
122,539 
82,386 
35,732 
7,535 
263 

+  5 
-3 
-2 
-2 

-1 

128 
5,007 
40,052 
114,306 
188,162 
214,582 
155,745 
41,974 

-  6 

-  4 
+  8 
+  5 

-  7 

-  9 

+  2 

•09 
•02 

•01 

•01 

•12 
•01 
•01 

•01 

•06 
•04 

... 

... 

•01 

•05* 

•06 

Totals  ... 

1,448,985 

+  26 

368,353 

-3 

759,956 

-11 

Total  net  liability    1.057,382 

Deviation      ...        ...        ...  +34 
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Table  VI. 


Valuation  of  Endowment  Assurances.    0M  3  per-cent. 
a,  ft  Method. 


Years 
of 

Mstturity 

Sums  Assured 

Net  Premiums 

Percentage  Deviation 
in  Value  of 

Value 

Deviation 

-30 
+  198 

-  12 

-  9 

Value 

Deviation 

S.A. 

N.P. 

Net  L. 

1919 

1920-29 

1930-39 

1940-49 

1950-58 

132,947 
1,315,885 
1,108,341 

433,388 
55,854 

-1 

301,077 

664,906 
338,807 
49,219 

-  1 

-  95 
-257 

-  50 
+  2 

•02 
•02 

* 

•03 
•04 
•01 

•01 
10 

11 

Totals  ... 

3,046,415 

+  147 

1,354,008 

-401 

•03 

•03 

Total  net  liability    1,692,407 

Deviation      ...        ...        ...  +548 

*  See  note  (*)  page  44. 


Some  further  suggestions  on  the  subject  of  Approximate 
Valuations.  By  Alfred  Henry,  F.I.  A.,  of  the  Government 
Actuary's  Department. 

[Submitted  to  the  Institute,  2  February  1920.] 

TliE  present  Note  deals  with  a  modification  of  the  method 
described  in  vol.  li,  pp.  118-126. 

The  method  suggested  in  the  original  Note  necessitated 
the  finding  of  the  values  of  the  first,  second  and  third 
continuous  summations  of  the  data  to  be  valued.  These 
summations  in  some  cases  were  laborious,  and  the  object  of 
the  present  contribution  is  to  demonstrate  how  the  arithmetical 
Avork  can  be  curtailed  without  material  loss  of  accuracy, 
firstly,  by  reducing  the  number  of  continuous  summations, 
and  secondly,  by  summing  in  quinary  groups  instead  of  by 
individual  terms. 

The  theoretical  basis  of  the  original  method  was  that  the 
valuation  factor  could  be  represented  throughout  by  an 
expression  of  the  form   a  +  bx  -f  cx2  and   in   practice  this 
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assumption  was  found  to  apply  with  considerable  accuracy  to 
a  variety  of  factors.  Further  investigation  shows  that  results 
of  almost  equal  accuracy  can  be  obtained  by  splitting  the  data 
into  two  (or,  in  exceptional  cases,  three)  parts  and  applying 
to  each  of  these  parts  an  expression  of  the  form  a  +  bx.  For 
example,  in  the  case  of  whole-life  assurances  the  data  are 
valued  in  two  groups,  one  group  consisting  of  ages  up  to  54 
and  the  other  for  ages  55  and  over  ;  separate  expressions  are 
then  calculated  for  the  valuation  factors  in  each  group. 
Having*  expressed  our  valuation  factor  in  the  form  a  +  bx,  we 
require  to  know  for  our  calculations  only  the  values  of  the  first 
and  second  sum  of  the  data  in  each  of  the  two  groups  of  ages. 

If  the  summations  are  made  by  individual  ages,  the  errors 
involved  arise  solely  from  the  differences  between  the  true 
valuation  factor  and  the  value  of  the  factor  as  derived  from 
the  assumed  expression  a  +  bx.  If,  however,  the  summations 
are  made  in  quinary  groups,  two  further  errors  are  introduced  : 

(a)  The  theoretical  error  involved  by  substituting  the  value 

of  the  factor  at  the  central  age  of  the  group  for  the 
average  value  of  the  factor  over  the  group. 

(b)  The  errors  arising  from  unequal  distribution  of  the 

data  over  the  group  and  the  consequent  failure  to 
secure  a  balance  of  error  when  the  total  of  the  group  is 
valued  by  the  factor  for  the  central  age  of  the  group. 
In  practice  these  two  errors  are  not  to  be  distinguished, 
but  they  are  different  in  principle  ;  the  error  under  (a)  is 
present,  whatever  the  distribution  of  the  data,  that  under  (b) 
depends  solely  upon  the  facts  which  are  the  subject  of 
valuation. 

The  former  error  can  be  corrected  in  the  following  way. 
In  the  original  Note  it  was  pointed  out  that  the  best  method 
of  obtaining  the  values  of  the  constants  a  and  b  in  the 
expression  a  +  b.v,  was  by  means  of  weighted  equations  for  all 
ages  which  were  subsequently  combined  in  groups.  If  now, 
in  any  quinary  group,  ranging-  from  age  x  —  2  to  age  x-\-2, 
the  respective  weights  are  wx_2}  wx-\}  ....  wx+2}  and  the 
valuation  factors  are  F<r_2,  •  •  •  •  F.r+2?  the  following* 

equation  results  : 

==  (  ">*_2  +  ™x-  1  +  •  •  •  +  «\r+2)  («  +  bx) 

since,  in  using  the  summations  of  quinary  groups,  we  assume 
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the  total  weight  to  be  concentrated  at  the  central  age  of  the 
group.  By  using  weighted  equations  of  this  character,  the 
theoretical  error  under  (a)  above,  is  eliminated. 

In  order  to  find  the  values  of  a  and  b,  two  equations  only 
are  necessary,  and  therefore  the  weighted  equations  in  respect 
of  each  quinary  group  must  be  suitably  combined  in  two 
groups  of  ages  so  as  to  form  the  final  equation  from  which 
the  values  of  a  and  b  are  calculated.  Thus  for  whole-life 
assurances,  in  order  to  find  the  constants  up  to  age  54,  the 
groups  of  ages  20  to  39  and  40  to  54  were  selected ;  for 
subsequent  ages  the  constants  were  found  from  the  groups 
55  to  69  and  70  to  89. 

The  above  system  of  weighting  the  values  for  individual 
ages  is  slightly  more  laborious  than  dealing  with  weighted 
values  for  age  groups,  but  it  gives  greater  accuracy  in  the  final 
results.  Where,  however,  the  data  to  be  valued  commence 
and  end  with  zero  values,  the  theoretical  error  already  referred 
to,  tends  to  correct  itself  over  the  whole  range  of  values,  and 
weighted  values  for  quinary  groups  only  may  be  used.  In  a 
case  such  as  endowment  assurances  grouped  according  to 
unexpired  term,  where  the  initial  amounts  of  sums  assured,  &c, 
are  not  zero,  the  error  introduced  by  dealing  with  quinary 
groups  in  place  of  individual  ages  might  be  important. 

Having  obtained  values  of  a  and  b,  the  next  point  for 
consideration  is  the  manner  in  which  these  values  are  to  be 
adapted  to  meet  the  valuation  by  quinary  groups.  If  the 
origin  be  taken  at  the  lowest  age  of  the  initial  group,  and  if 
U],U2,  U3,  ...  be  the  totals  of  the  sums  assured  (or  whatever 
other  data  are  being  valued)  then  the  total  value  required,  on 
the  assumption  that  the  amounts  U],  &c,  are  concentrated 
at  the  central  age  of  the  group  is  : 

U1(a  +  26)+U2(a  +  7A)+U2(a+l26)4-  .  .  . 
=  (o—  36)  (U,  +U2  +  U3+.  .  .)-f5A(U1  +  2U,  +  3U«.+  .  .  .) 
=  (a-3&)2Ui  +  5&52Ui 

where  and  S2Ui  represent  respectively  the  first  and  second 
sums  of  the  quinary  groups  from  the  bottom  upwards. 

The  following  examples  are  based  upon  the  same  data  as 
were  used  in  the  original  note  in  vol.  li.  A  comparison  is  thus 
afforded  of  the  relative  accuracy  of  the  two  methods.  The 
data  are  given   in  the  appendix  in  quinary  groups.  The 
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first  example  is  worked  in  detail,  so  as  to  indicate  the  small 
amount  of  clerical  labour  involved. 

Example  1. — Office  A.  Whole-life.  With  Profits.  Valuation 
of  sums  assured  and  bonuses.    0M  3  per-cent. 

The  origin  is  taken  at  age  15  for  ages  15  to  54  and  at 
age  55  for  higher  ages.  Any  policies  existing  at  ages 
under  15  must  be  included  in  the  first  age  group,  and 
summation  made  up  to  and  including  that  group. 


1  Age 
Group 

Sums 
Ass  ured 

and 
Bonuses 

Sum 
from  bottom 
upwards 

1  15-19 
20-24 
25-29 
30-34 
35-39 

!  40-44 
45-49 

j  50-54 

22 
162 
624 
1.305 
2,022 
2,32S 
2,398 
2,653 

11.514  =  2 
11,492 
11,330 
10,706 

9.401 

7,379 

5,051 

2,653 

69,526  =  2: 

55—59 
60-64 

!  65-69 
70-74 
75-79 

;  SC-84 
85-S9 
90-94 

I  95- 

2,363 
1,683 
1,755 
733 
294 
159 
57 
17 
9 

7,070  =  2 
4,707 
3,024 
1,269 
536 
242 
83 
26 
9 

16,966  =  2- 

a-36=217252 
56 =-.0449525 


(a- 36) 


Total,  Ages  15-54 


2,501-4 
3,134-4 

5,635-8 


a  -36  =-590640 
.V,— 0491891 

(a-36)2=4,175-8 
56£2=  834-5 


Total,  Ages  55  &  over  5,010-3 
Add  for  Ages  15-54, 

as  above    5,635-8 

Total,  all  Ages   10,646*  1 


True  Value    =  10,646 


Example  2. — Office  A.  Whole-life.  With  Profits.  Valuation 
of  tabular  premiums.    0M  3  per-cent. 

The  limited  payment  premiums  are  valued  separately. 

Premiums  payable  throughout  life. 
Ages  15-54. 

a  -  36  =  26  37456  56  =  - 1-54338 

2=254-3  2*=  1572-9 

(a- 36)2=  6,707-05 
56S2= -2,427-58 


Total  for  Ages  15-54=  4,279'47 


e  2 
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Ages  55  and  over. 

a-Sb==  13*55482  56=-  1-68884 

2  =  208-5  22=  500*9 

(a  -  36)2=  2,826-18 
5622=-  845-94 

Total  for  Ages  55  &  over  =  1,980-24 
Add  „    „      „    15-54      =  4,279-47 


Total  for  all  Ages    =  6,259*71 

Limited  payment  Premiums. 
Unexpired  terms  1-15. 

a  -  36  =  -  -4 1 835  56  =  3-43005 

2=50-8  22=  104-7 

(a -36)2=-  21-25 
5622=  359-13 

Total  for  terms  1-15  =  337-88 
Unexpired  terms  16  and  over. 

a-'6h=  10-71142  56  =  2-03275 

2=15-8  22=20-8 
(a-36)2  =  169-24 
5622  =  46-48 

Total  for  terms  16  and  over      =211  72 
„     „    1-15  =337-88 

Total  for  all  terms         =  549-60 

Add    total     for  premiums 
payable  throughout  life  ...   6,259  71 

6,809-31     True  value  =  6,802 

Example  3. — Office  B.  Endowment  Assurances.  With 
Profits.  Valuation  of  sums  assured  and  bonuses.  QM  3  per-cent. 

The  policies  are  grouped  according  to  year  of  maturity, 
the  valuation  date  being  31  December.  The  unexpired  term 
is  defined  as  "  Year  of  maturity — Year  of  valuation." 
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Unexpired  terms  1-1 5. 

(a-36)  =  1-016270  5fc==-*1014552 
2  =  7609  22=18235 


'a-36  2  = 


562-=  -1,850-0 
Total  for  terms  1-15=  5,882*8 


Unexpired  terms  16  and  over. 

(a  -  36)  =  -688749  56  =  -  "06 1 2515 

2  =  15532  S2=33711 

(a-36)S=  10,697-7 
5&22= -2,064*9 

Total  for  terms  16  &  over  =  8,632'8 
Add  „    „     „    1-15  ...    =    5,882  8 

Total  for  all  terms  =  14,515  6     True  value  =  14,499 


Example  4. — Office  B.  Endowment  Assurances.  With 
Profits.    Valuation  of  tabular  premiums.    0M  3  per-cent. 

Unexpired  terms  1—15. 

(a  -  36)  =  - 1-057587         56  =  3*4826 
2  =  366-5  £2=860*2 

(a— 36)2=  —  387-6 
5622  =  2,995-7 

Total  for  terms  1-15=  2,608*1 

Unexpired  terms  16  and  over. 

(a— 36)  =  10*1 8614  56  =  2-10313 

2=560-2  S2=1116*3 

(a- 36)2=  5,706-3 
5622  =  2,347-7 

Total  for  terms  16  &  over=  8,054-0 
Add  „    „      „     1-15  ...     =  2,608-1 

Total  for  all  terms     =10,662*1     True  value  =  10,677 
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Example  5. — Office  C.  Valuation  of  annuities  on  female 
lives.    0[a/]  3  per-cent. 

Owing  to  the  special  formation  of  the  curve  of  annuities  it 
is  desirable  to  deal  Avith  the  data  in  three  sections,  namely, 
ages  under  50,  50-79,  and  80  and  over.  The  origin  is  taken 
at  age  25,  and  therefore  any  annuities  in  respect  of  ages 
below  25  should  be  included  in  the  age  group  25-29. 

Ages  under  50. 

o-36=28*25486  56  =  - 1-288874 

2=1239  22=5263 

(a— 3&)2  =  28,812-8 
5622=-  6,783-3 


Total  for  Ages  under  50  =  22,029-5 
Ages  50-79. 


36  =  1 7-29445  56  =  - 1  -8099 1 2 

2=- 10670  22  =  44375 

(a-3&)2=  184,531-8 
56S'2=-  80,314-9 


Total  for  Ages  50-79  =  104,216-9 
Ages  80  and  over. 


a  -  36  =  6- 1 8746  56=  —1  1 32853 

2=1199  22=1477 


(o-36)2=  7,418-8 
5622=-  1,673-2 


Total  for  Ages  80  &  over  =  5,745*6 
Add  „    „     „    50-79  =104,216-9 
„    „    „      ,,    under  50  =  22,029*5 

Total  for  all  Ages    =  131,992-Q   True  value  =  130,946 
N.B. — Two-thirds  of  the  error  arises  from  one  lar<?e  contract. 


The  above  examples  show  that,  given  the  appropriate 
constants  for  any  mortality  table,  a  check  valuation  can  be 
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made  with  very  little  labour  and  will  give  results  in  close 
agreement  with  the  actual  facts.  The  method  has  the 
advantages  that  it  is  independent  of  individual  values  of  the 
valuation  factors,  that  it  differs  entirely  in  its  processes  from 
those  of  the  valuation  itself,  and  that  therefore  errors  of 
calculation  and  transcription  will  not  be  perpetuated. 

Seeing  that  it  gives  effect  to  the  actual  distribution  of  the 
business  of  any  office,  it  has  obvious  advantages  as  compared 
with  the  use  of  a  model  office  in  the  estimation  of  liabilities 
under  different  valuation  bases.  Different  constants  can  be 
applied  to  one  set  of  summations  of  the  valuation  data,  and 
the  results  for  different  bases  can  be  obtained  very  rapidly. 
Since  the  errors  in  the  method  arise  largely  from  irregularities 
in  the  data,  it  follows  that  the  differences  between  the  values 
on  different  bases  will  be  very  accurate,  since  the  effect  of 
such  irregularities  is  included  in  both  valuations  and 
consequently  disappears  when  the  differences  are  taken. 

On  a  net  premium  valuation,  however,  a  difficulty  arises 
from  the  fact  that  a  change  in  valuation  basis  involves  a 
change  in  the  net  premiums.  Inspection  shows,  however, 
that  the  differences  between  the  net  premiums  on  different 
bases  change  very  slowly  from  age  to  age ;  it  is  therefore 
permissible  to  take  the  average  rate  of  net  premium  for  any 
quinary  group,  and  thus  obtain  an  average  entry  age,  for 
which  the  new  net  premium  can  be  found.  This  method 
should  yield  good  results,  since  at  the  youngest  valuation 
ages  where  the  value  of  premiums  is  greatest,  the  possible 
range  of  entry  ages  is  small,  whereas  at  the  older  ages  where 
the  possible  range  of  entry  ages  is  larger,  the  value  of  net 
premiums  is  smaller. 


Office  A. 


Age 

Sums  Assured 

Tabular 

Age 

Sums  Assured 

Tabular 

Group 

and  Bonuses 

Premiums 

Group 

and  Bonuses 

Premiums 

15-19 

22 

•4 

60-64 

1,683 

52-0 

20-24 

162 

2-7 

65-69 

1,755 

61-7 

25-29 

624 

11-5 

70-74 

733 

21-4 

30-34 

1,805 

26-1 

75-79 

294 

74 

35-39 

2,022 

42-4 

80-8  4 

159 

2-9 

40-44 

2,328 

508 

85-89 

57 

•7 

45-49 

2,398 

51*8 

90-94 

17 

•3 

50-54 

2.653 

68-6 

95-99 

9 

•3  i 

55-59 

2,363 

618 
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Premiums  payable  for  limited  periods. 


Unexpired. 
Term 

Tabular 
Premiums 

1  Unexpired 
1  Term 

Tabular 
Premiums 

1  Uu  ex  pi  red 
Term 

Tabular 
Premiums 

1-5 
6-10 
11-15 

14-0 
19-7 
17-1 

16-20 
21-25 
26-30 

12-2 
2-4 
10 

31-35 

*2 

Office  B. 

n* 

Sums  Assured 
and  Bonuses 

Tabular 
Premiums 

Sums  Assured 
and  Bonuses 

Tabular 
Premiums 

1-5 
6-10 
11-15 
16-20 
21-25 

1,091 
2,410 
4,108 
5,521 
4,625 

60-2 
118-9 
187  4 
236-0 
165-4 

!  26-30 
31-35 

!  36-10 
41-45 
46-50 

3,268 
1,5-10 
500 
70 
8 



101-9 
42-7 
12-4 
1-6 
"2 

*  »  =  Year  of  maturity — Year  of  valuation.    Valuation  date  is  31  December. 


Office  C. 


Age 
Group 

Amount  of 
Annuity 

Age 
Group 

Amount  of 
Annuity 
• 

Age 
Group 

Amount  of 
Annuity 

25-29 

27 

i  50-54 

754 

75-79 

3,412 

30-34 

11 

55-59 

1,544 

80-84 

921 

35-39 

89 

60-61 

1,651 

83-89 

278 

40-44 

613 

i  65-69 

1,437 

... 

45-49 

499 

70-74 

1,872 

Abstract  of  the  Discussion. 

Mr.  E.  E.  UNDERWOOD,  referring  first  to  Mr.  Henry's  method, 
said  that  if  the  required  constants  were  not  already  available, 
or  if  it  should  be  thought  desirable  to  use  constants  calculated  from 
similar  data  to  those  being  valued,  the  previous  year's  detailed 
valuation  provided  a  very  ready  basis  for  the  purpose.  It  had  to 
be  borne  in  mind,  however,  that  the  constants  were  produced  by 
using  the  valuation  data  as  weights,  and  were  not  therefore  theoreti- 
cally applicable  to  any  set  of  data.  He  thought  that  some  limitation 
must  be  placed  on  the  general  applicability  of  constants  calculated 
from  one  set  of  facts  to  the  valuation  of  another  set.  That  was  the 
more  evident  if  the  applicability  of  the  method  to  a  select  valuation 
was  considered.  He  thought  the  course  to  follow  in  that  case  would 
be  to  deal  with  the  valuation  in  11  parts,  namely,  year  of  assurance 
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0,  year  of  assurance  1,  and  so  on  up  to  years  of  assurance  10  and 
over.  Each  of  the  first  10  parts  would  consist  of  a  single  year's  new 
business,  which  would  be  much  more  erratic  in  its  incidence  over  the 
valuation  ages  than  would  be  the  total  business  of  all  durations. 
In  one  instance  that  had  come  under  his  notice  the  new  amounts 
assured  at  two  of  the  ages  in  a  quinary  group  were  £57,000  and  £100 
respectively.  In  such  a  case  the  errors  arising  from  unequal 
distribution  of  the  data  over  the  group  must  be  appreciable,  especially 
if  the  constants  had  been  calculated  on  an  entirely  different  distri- 
bution. It  seemed  to  him  a  weak  point  in  the  method  that  it  did 
not  admit  of  any  limits  being  placed  on  the  amount  of  the  error 
involved  in  a  particular  case.  It  might  be  of  interest  to  place  on 
record  the  results  of  a  short  investigation  of  the  practical  application 
of  the  method  which  he  had  made  with  the  help  of  Mr.  R.  D.  Anderson. 
They  first  extracted  from  the  class  books  one  year's  new  business 
of  a  particular  class,  using  the  sums  assured  only,  and  valued  them 
at  individual  ages  by  the  0[MJ  3  per-cent  functions.  They  then 
used  the  values  thus  obtained  to  calculate  the  constants  a  and  b 
and  made  a  valuation  by  Mr.  Henry's  new  method.  Owing  to  the 
very  short  time  at  their  disposal,  they  confined  their  investigations 
to  the  older  group  suggested  by  Mr.  Henry,  and,  working  with  age 
55  as  the  origin,  they  obtained  a  total  value  of  £34,199  against  an 
actual  value  of  £34,257.  The  error  of  £58  amounted  to  one-sixth 
of  1  per-cent  of  the  true  value.  The  data  on  which  they  worked 
were  very  unevenly  distributed,  the  sums  assured  being  £18,700  at 
age  61,  £100  at  age  65,  and  £750  at  age  69.  As  an  experiment  they 
then  transposed  the  sums  assured  at  ages  61  and  69  and,  having 
adjusted  the  true  values,  made  a  valuation  by  the  new  method, 
using  the  constants  previously  calculated.  As  was  to  be  expected, 
the  error  resulting  was  much  larger,  being  £524  on  a  true  value  of 
£35,670,  or  nearly  1J  per-cent  of  the  true  value.  Had  they  dealt 
similarly  with  the  premiums,  the  error  in  the  net  reserve  would 
no  doubt  have  been  much  smaller,  but  the  percentage  error  would 
presumably  have  remained  about  the  same.  As  similar  errors  of 
opposite  sign  were  likely  to  occur  in  a  valuation  of  the  different 
classes  of  business,  the  amount  did  not  appear  to  be  serious.  Apart 
from  the  calculation  of  the  constants,  the  only  work  involved  in 
obtaining  the  value  of  the  data  in  any  given  case  was  that  of  tabulating 
them  in  two  sets  of  quinary  groups  and  obtaining  the  first  and  second 
summations  of  each  set  from  the  bottom  upwards — the  second 
summation  being,  of  course,  only  a  cast.  Those  summations  were 
then  used  with  the  constants  in  evaluating  the  valuation  equations. 
No  such  simple  method  of  valuation  had  ever  been  submitted  to 
the  Institute.  The  simplicity  of  the  work  was  equal  to  that  of  the 
valuation  methods  to  which  actuaries  were  accustomed,  and. 
judging  by  the  examples  given,  remarkably  accurate  results  were 
obtained  in  all  normal  cases. 

With  regard  to  Mr.  Trachtenberg's  method,  before  the 
multiplication  by  the  /3  factor  could  be  carried  out,  it  was  necessary 
to  complete  a  series  of  small  multiplications,  such  as  those  shown 
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in  the  first  tabulated  statement  in  the  paper,  for  the  calculation 
of  Sx.  It  was  there,  he  thought,  that  the  method  lost  some  of  its 
practical  value,  although,  of  course,  it  was  that  process  which  gave 
it  its  power  and  accuracy.  He  did  not  wish  to  exaggerate  the 
arithmetical  difficulties  of  multiplying  by  such  quantities  as  4J,  3J, 
&c,  but  the  fact  remained  that  it  had  to  be  done  for  each  group 
of  sums  assured,  of  bonuses  and  of  premiums,  and  it  could  not  fail 
to  form  a  considerable  charge  on  the  time-saving  elsewhere  effected. 
The  errors  introduced  in  the  application  of  the  method  appeared 
from  the  examples  to  be  of  no  importance  whatever,  but  again  there 
was  the  fact  that  it  was  impossible  to  determine  within  what  limits 
they  would  lie.  In  that  connection  it  was  interesting  to  recall  the 
words  of  Mr.  Lidstone  in  the  discussion  on  Mr.  A.  E.  King's  paper. 
In  justifying  discussions  of  unimportant  details,  he  said  :  "  They  " 
(i.e.,  such  discussions)  "  might  lead  those  who  had  to  consider  the 
question  to  see,  first,  that  a  greater  degree  of  accuracy  could  be 
obtained  if  it  were  wanted,  and,  secondly  and  eventually,  that  it 
was  not  wanted  at  all."  It  was  certain  that  no  greater  degree  of 
accuracy  than  that  obtained  by  Mr.  Trachtenberg  in  his  examples 
need  be  sought,  and  he  was  heartily  to  be  congratulated  on  the 
success  he  had  achieved. 

As  to  the  uses  to  which  these  approximate  methods  might  be 
put,  he  gathered  from  the  remarks  of  Mr.  A.  E.  King  in  the  paper 
just  referred  to  that  at  least  one  large  Assurance  Company  valued 
its  liabilities  by  an  approximate  method  ;  but  he  felt  doubtful 
whether  large  Assurance  Companies  generally  were  likely  to  adopt 
such  methods.  The  largest  part  of  the  work  of  a  valuation  was  that 
of  writing  up  the  classification  books,  and  the  work  on  the  valuation 
sheets  was  comparatively  light.  In  the  application  of 
Mr.  Trachtenberg's  method  it  was  to  be  noted  that  the  special 
classification  books  suggested  by  Mr.  A.  E.  King  might  be  used, 
and  that  was  a  point  in  its  favour.  It  seemed  clear,  however,  that 
that  system  of  books  could  not  be  used  with  Mr.  Henry's  method, 
owing  to  the  fact  that  the  same  age  groups  were  retained  at  each 
successive  valuation.  In  his  opinion  actuaries  had  become 
accustomed  to  face  the  work  of  an  ordinary  aggregate  valuation, 
and  would  not  abandon  that  unless  some  greater  attraction  could 
be  held  out.  But  the  possibility  of  using  an  approximate  method 
for  a  select  valuation  seemed  to  him  worthy  of  further  consideration. 
It  was  difficult  to  conceive  a  more  unsuitable  time  for  valuing  on 
an  aggregate  basis  than  the  present,  when  one  considered  that 
Offices  which  had  done  a  rapidly  increasing  new  business  up  to  the 
middle  of  1914  suddenly  reverted  for  over  four  years  to  a  new 
business  of  from  one-half  to  two-thirds  of  their  ordinary  total,  and 
were  now  closing  their  books  for  1919  with  more  new  business  than 
they  had  ever  done  before  in  one  year  since  they  were  established. 
Whatever  might  be  said  in  favour  of  an  aggregate  valuation,  he 
thought  actuaries  would  feel  some  doubts  as  to  the  soundness  of 
their  valuation  of  liabilities  on  such  a  basis  at  the  present  time. 
Further,  what  interest  could  they   take  in  the  surplus  account 
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prepared  on  such  a  basis  ?  To  suggest  a  full  select  valuation  at  a 
time  when  everyone  was  working  at  such  high  pressure  would  be 
useless,  as  indeed  it  had  been  in  the  past.  Possibly,  however,  the 
new  labour-saving  methods  would  prove  ultimately  to  be  the  solution. 
He  understood  that  Offices  doing  an  extensive  foreign  business, 
and  having  to  make  valuation  returns  under  various  local  laws, 
found  these  approximate  methods  a  great  help.  In  conclusion,  he 
would  call  attention  to  Mr.  Henry's  remarks  as  to  the  facilities 
provided  by  his  method  for  valuations  of  the  same  data  on  several 
different  bases.  That  was  a  great  advantage  at  times,  and  one 
which  would  seem  to  be  peculiar  to  the  method  in  question. 

Mr.  E.  D.  ANDERSON  said  that  when  two  methods  of  dealing 
with  the  same  problem  were  brought  into  such  close  juxtaposition 
as  they  had  been  that  evening,  it  was  natural  to  compare  them  with 
a  view  to  seeing  where  they  agreed  and  where  they  differed.  Both 
Mr.  Henry  and  Mr.  Trachtenberg  had  made  use  of  a  straight  line. 
Mr.  Henry  to  represent  the  valuation  function  and  Mr.  Trachtenberg 
to  represent  the  sums  assured.  Both  methods  resulted  in  a  valuation 
divided  into  two  parts,  the  first  part,  a  or  a,  applied  to  the  total 
sums  assured  and  the  second  part,  L  or  /i,  applied  to  the  second 
summation  of  the  sums  assured,  for  the  2Sa;  employed  by  Mr. 
Trachtenberg  could,  of  course,  be  expressed  in  that  form.  These 
points  of  similarity  suggested  that  there  must  be  some  close  con- 
nection between  Mr.  Henry's  a  and  b  and  Mr.  Trachtenberg's  a  and  /i, 
and  in  fact  if  the  sums  assured  in  Mr.  Henry's  method  were 
assumed  equal  at  all  ages  his  a  and  b  could  be  expressed,  like  Mr. 
Trachtenberg's  a  and  (3,  in  terms  of  the  mean  of  the  valuation 
factor  for  the  first  quinary  group,  and  a0  and  bn  the  first  and  second 
central  differences  of  the  valuation  factor.  The  essential  difference 
between  the  two  methods,  therefore,  seemed  to  be  that  Mr.  Henry 
used  the  actual  sums  assured  as  weights  in  finding  his  a  and  b,  while 
Mr.  Trachtenberg  assumed  that  the  sums  assured  were  linear.  It 
was  to  be  expected  therefore  that,  if  Mr.  Henry's  method  was  used 
to  give  a  check  valuation  of  the  same  data  from  which  his  a  and  b 
were  derived,  it  would  give  very  accurate  results,  but  if  used  for 
future  valuations,  with  the  same  a  and  b,  the  correctness  of  the  result 
would  depend  on  how  closely  the  distribution  of  the  quantities  to 
be  valued  reproduced  the  distribution  from  which  a  and  b  were 
derived.  If  the  distribution  materially  affected  the  values  of  a 
and  b.  it  would  appear  rather  dangerous  to  apply  the  a  and  b  derived 
from  a  distribution  of  5,  10  or  more  years  ago.  On  the  other  hand, 
if  the  distribution  did  not  much  affect  a  and  b,  a  considerable  amount 
of  labour  would  be  saved  by  omitting  the  weighting  with  the  sum 
assured,  and  the  values  of  a  and  b  could,  like  Mr.  Trachtenberg's 
a  and  (3,  be  obtained  direct  from  the  Table.  He  had  made  a 
valuation  of  Mr.  Henry's  data  by  finding  two  straight  lines  to 
represent  the  mean  value  of  Ax  for  groups  of  5  years,  i.e.,  he  had 
applied  Mr.  Henry's  method,  but  left  out  the  weighting  with  the  sums 
assured,  the  only  difference  being  that  he  took  the  origin  of  his  straight 
line  for  the  first  half  of  the  Table  at  age  55  instead  of  15  and  got  a 
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negative  b,  and  he  had  obtained  a  total  value  of  £10,652  as  compared 
with  the  correct  value  of  £10,646 — an  error  of  £6  only.  That  might 
be  a  happy  accident,  but  on  the  face  of  it  there  did  not  seem  much 
to  be  gained  by  weighting  with  the  sums  assured. 

Turning  to  Mr.  Trachtenberg's  paper  again,  it  was  remarkable 
how  close  a  value  he  obtained  in  his  example,  although  the  sums 
assured  were  by  no  means  linear,  and  it  occurred  to  him  that  in 
assuming  that  his  sums  assured  were  linear  Mr.  Trachtenberg  had 
unnecessarily  restricted  himself.  If  f(x)  could  be  expressed  as  a 
parabolic  function  of  x,  it  was  clear,  since  2a?2/ fc)  was  taken 
symmetrically  about  a  central  origin,  that  all  terms  mf(x)  involving- 
odd  powers  of  x  would  disappear  on  summation,  so  that  f(x)  need 
not  be  linear,  provided  no  even  powers  of  x  appeared  inf(x).  Having 
come  to  that  conclusion,  he  endeavoured  to  find  how  much  error 
would  be  introduced  by  assuming  that  the  sums  assured  could  be 
represented  by  a  parabola  and  was  rather  surprised  to  find  that  the 
error  was  negligible  in  the  particular  case  he  tried.  He  came  to 
the  conclusion  that  Mr.  Trachtenberg's  method  would  give  very 
good  results  if  the  sums  assured  were  at  all  regular  in  their  progression, 
but  he  would  be  glad  to  hear  if  anyone  else  could  confirm  this 
conclusion. 

Mr.  R.  C.  SIMMONDS  said  that  he  had  applied  Mr.  Henry's 
method  to  the  valuation  of  a  large  block  of  whole-life  business,  and 
the  particulars  might  be  of  some  interest  to  Mr.  Henry  and  to  the 
members  generally.  The  sums  assured  in  the  business  in  question 
amounted  to  nearly  £3.000,000  and,  owing  to  lack  of  time,  he  was 
obliged  to  confine  his  investigation  to  the  sum  assured,  and  therefore 
any  consideration  of  true  reserves  had  to  be  omitted.  The  business 
was  all  of  fairly  recent  date,  so  that  the  distribution  was  not  equivalent 
to  that  in  a  50-year  model  office.  The  result  of  applying  the  method 
with  constants  derived  from  the  business  itself  was  to  produce  for 
the  value  of  the  sums  assured,  on  a  total  of  over  £1,600,000,  an  error 
of  under  £1,000,  an  error  of  rather  more  than  one-half  per  1,000.  A 
curious  feature  was  that,  on  applying  the  constants  given  in  Mr. 
Henry's  paper  to  the  same  figures,  the  already  trivial  error  was 
reduced  very  substantially.  He  would  like  to  mention  that  the 
business  in  question  was  net,  so  that  any  disturbance  caused  by 
unduly  large  cases  could  be  taken  as  having  been  eliminated.  He 
would  very  much  like  Mr.  Henry  to  give  some  clearer  idea  of  the 
exact  method  of  weighting  which  he  proposed  to  adopt.  The 
statement  in  his  paper  that  "  given  the  appropriate  constants  for 
any  mortality  table,  a  check  valuation  can  be  made  with  very  little 
labour  and  will  give  results  in  close  agreement  with  the  actual  facts, 
&c",  would  seem  to  suggest  that  it  was  not  strictly  necessary  to 
weight  with  particular  regard  to  the  business  under  consideration. 
The  point  was  of  some  practical  importance  since  the  determination 
of  the  constants  on  each  occasion  would  involve  a  considerable 
amount  of  labour. 

8ir  ALFRED  WATSON  did  not  think  that  Mr.  Henry  would 
claim  for  his  method  that  it  supplied  more  than  a  check  valuation  ; 
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there  was  no  suggestion  in  his  paper  that  the  method  was  one  by  which 
the  ordinary  systems  of  valuation  could  be  superseded.  In  certain 
valuations  that  were  now  being  made,  where  there  were  no  variations 
in  the  benefits  assured  or  in  the  premiums,  but  everything  was  on  a 
uniform  basis,  the  method  lent  itself  admirably  to  checking  the 
results  by  calculation  of  the  reserves,  thus  substituting  one  process 
for  a  minimum  of  two  if  the  operation  were  performed  on  contri- 
butions and  benefits  separately.  The  value  of  the  method  clearly 
depended  upon  the  facility  with  which  the  constants  could  be  found, 
and  in  the  case  referred  to  the  constants  had  been  found  by  a  standard 
distribution  of  the  lives  over  the  several  ages  from  16  to  70  and  when 
calculated  on  this  general  basis  were  applied  to  each  particular  case 
in  which  a  check  of  an  individual  valuation  made  by  the  ordinary 
method  was  required.  The  results  were  extremely  satisfactory  and 
that  went  some  way  to  answer  the  query  raised  by  the  last  speaker 
as  to  whether  it  was  necessary  in  every  case  to  re-calculate  the 
constants  from  the  distribution  of  the  particular  business  the  valua- 
tion of  which  it  was  desired  to  check.  In  the  case  of  which  he  spoke, 
the  constants  calculated  at  the  outset  were  to  be  applied,  after 
careful  consideration  of  course,  to  about  10,000  or  12,000  different 
valuations  in  which  the  age  distribution  of  the  assured  varied  widely. 
He  thought  it  was  worth  having  that  on  record,  because,  although 
papers  of  the  kind  were  and  always  must  be  of  theoretical  interest, 
it  was  useful  to  know  of  any  circumstances  in  practical  working  in 
which  actual  use  was  being  made  of  theoretical  methods.  Apart 
from  the  practical  value  of  a  method  of  the  kind  as  supplying  a  much- 
needed  check  in  times  of  great  stress,  when,  with  all  the  precautions 
that  could  be  devised,  something  might  go  wrong  in  the  ordinary 
process  of  valuation,  the  study  of  such  methods,  their  mastery  and 
their  application,  formed  an  extraordinarily  stimulating  mental 
exercise,  the  cultivation  of  which  was  bound  to  make  men  more 
efficient  in  the  performance  of  their  actuarial  functions.  It  gave 
a  mastery  over  data  and  working  processes  that  could  not  be  obtained 
by  confining  oneself  to  the  orthodox  and  routine  methods  of  the 
text-books.  For  his  own  part,  he  welcomed  very  gladly  the  method 
of  valuation  which  Mr.  Henry  had  devised.  He  had  not  had  an 
opportunity  of  studying  in  practical  use  Mr.  Trachtenberg's  alter- 
native method,  but  he  was  quite  sure  that  in  that  case  also  the  stud}' 
of  the  method  could  not  fail  to  be  of  benefit. 

Mr.  W.  P.  ELDERTON  believed  that  the  earliest  attempt  at 
approximate  valuation  was  the  well-known  method  of  Woolhouse, 
who  grouped  the  ages  for  which  the  central  values  of  A  were  -3, 
4,  &c.,and  multiplied  these  central  values  of  A,  by  the  corresponding 
total  sums  assured.  This  method  sometimes  gave  poor  results,  and 
he  thought  the  reason  was  that  it  did  not  take  sufficient  account  of 
the  general  run  of  the  quantities  to  be  valued.  The  methods  that 
were  being  discussed  that  night  were  not  open  to  any  such  objection. 
Going  back  to  the  beginning  of  this  sort  of  approximate  work, 
A.  E.  King's  method  used  a  mean  age  in  certain  groups,  with  a 
modified  assurance  value  or  annuity  value  which  made  some 
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allowance  to  counteract  the  use  of  a  large  group,  but  even  with 
the  suggested  auxiliary  Tables,  a  certain  amount  of  interpolation 
was  necessary.  In  Trachtenberg's  paper  interpolation  of  that 
kind  was  avoided,  but  it  was  necessary,  on  the  other  hand,  to  have 
two  multipliers  a  and  (3.  As  bet  ween  the  two  methods  it  was  a 
choice  between  interpolation  and  two  multiplications.  Of  course, 
if  Trachtenberg's  method  were  to  be  used  to  any  great  extent,  a 
fairly  large  number  of  tables  would  have  to  be  prepared,  but  that 
would  be  no  real  obj  ection.  If  any  method  were  found  to  be  generally 
applicable,  tables  would  be  prepared  just  as  they  were  at  present 
for  Da;  or  Nx  or  other  moderately  useful  functions.  Both  methods 
assumed  certain  forms  for  the  functions  to  be  valued  or  by  which 
the  valuation  was  to  be  made,  but  they  did  so  not  by  adopting  a 
form  to  begin  with,  but  by  proceeding  by  some  order  of  differences. 
Henry's  method  seemed  to  be  different  from  the  others  in  that 
respect  ;  he  actually  re-graduated  the  functions  by  which  he  was 
valuing.  In  the  original  version  of  his  method  Henry  suggested 
that  the  valuation  function  should  be  put  in  the  form  a  +  bx  +  c.r, 
and  by  that  process  and  three  summations  the  result  of  the  valuation 
would  be  found.  He  now  suggested  that  the  data  should  be  split 
into  two  parts  and  a  straight  line  be  used  for  valuation,  but  a 
different  straight  line  for  each  part.  That  had  the  advantage  of 
shortening  the  process  by  cutting  out  one  summation,  and  it  could  be 
further  shortened  by  the  use  of  quinary  groups.  The  actual  work  of 
valuation  might  possibly  be  further  shortened  by  using  auxiliary 
columns  something  like  those  suggested  by  Mr.  A.  E.  King  in  his  paper. 

He  had  had  in  his  mind  for  some  years  an  approximate  method 
which  would,  if  it  could  be  used,  save  still  more  work.  In  the  case 
of  a  whole-life  assurance  the  sum  assured  or  net  premium  or  office 
premium  could  be  described  roughly  by  a  frequency  curve  of  Type  I, 
with  a  range  of  from  age  5  to  age  105.  Henry  had  already  shown 
that  Ax  could,  for  the  purpose  of  valuation,  be  expressed  in  the 
form  a  +  bx  +  cx2.  The  quantity  to  be  valued  and  the  valuation 
factor  might  therefore  be  represented  approximately  by  two 
algebraical  expressions,  and  the  product  of  those  expressions  would 
be  the  sum  of  the  area  and  the  first  and  second  moments  of  the 
Type  I  curve  multiplied  by  certain  constants.  Hence,  by  appropriate 
tabulation  the  valuation  could  be  reached  with  a  single  multipli- 
cation. As  it  is  possible  to  fit  a  curve  roughly  by  using  broad  areas 
with  the  help  of  certain  auxiliary  tables,  the  final  table  for  use  in 
the  valuation  would  take  the  following  form  :  The  first  column 
would  be  the  proportion  which  the  sums  assured  from  age  5  to  age 
40  bore  to  the  whole  sum  assured  that  was  being  valued  ;  the  next 
column  the  proportion  that  the  sum  assured  from  age  40  to  age  70 
bore  to  the  whole  that  was  being  valued.  That  roughly  fixed  the 
curve.  A  third  column  would  give  the  amount  by  which  the  total 
sum  assured  or  net  premium  had  to  be  multiplied  to  produce  the 
final  result.  The  broad  groups  would  entail  no  additional  work 
because  it  was  no  more  trouble  to  add  90  items  in  three  sets  of  30 
<>ach  than  in  one  set  of  90. 
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He  believed  that  some  actuaries  had  the  feeling  that  such 
approximate  work  as  Henry's,  Trachtenberg's  and  A.  E.  King's 
was  not  very  useful  in  practice.  Personally  he  did  not  agree  with 
that  view.  If  it  were  possible  to  reduce  240  multiplications  to 
10,  it  was  worth  doing,  even  if  there  was  a  large  amount  of  balancing- 
work  to  be  done  in  addition  to  the  multiplications.  But  there  was 
another  defence  of  such  approximate  methods,  and  he  thought  a 
far  better  defence,  that  it  was  along  such  lines  that  future  develop- 
ments of  actuarial  science  might  come  in  ways  that  could  not  at 
present  be  foreseen. 

The  PRESIDENT,  in  proposing  a  vote  of  thanks  to  the  authors 
of  the  papers,  said  that  he  would  like  to  see  a  more  extensive  appli- 
cation of  the  methods  to  actual  facts — by  which  he  meant  not  only 
the  application  of  the  same  method  to  different  data,  but  also  the 
application  of  the  different  methods  to  the  same  data.  He  believed 
that  such  approximations  were,  and  were  likely  to  be,  very  powerful 
instruments  in  practical  work,  and  he  thought  they  were  likely  to  be 
more  valuable  owing  to  the  pressure  which  would  fall  on  all  actuaries 
in  the  near  future  on  account  of  the  changed  conditions  which  were 
certain  to  arise  as  the  result  of  the  war.  They  would  need  easy 
means  of  making  check  valuations  or  check  calculations,  and 
therefore  it  was  very  important  to  be  able  to  rely  thoroughly  on 
approximate  methods  which  would  detect  not  only  errors  of  theory, 
but  also  errors  which  were  likely  to  arise  merely  owing  to  pressure 
of  work,  such  as  Mr.  Henry  referred  to  when  he  said  :  "  The  method 
has  the  advantages  that  it  is  independent  of  individual  values  of 
the  valuation  factors,  that  it  differs  entirely  in  its  processes  from  those 
of  the  valuation  itself,  and  that  theiefore  errors  of  calculation  and 
transcription  will  not  be  perpetuated."  He  agreed  entirely  with 
Sir  Alfred  Watson  and  Mr.  Elderton  that  the  study  of  such  problems 
as  approximate  valuation  was  a  very  useful  exercise  of  judgment 
and  a  stimulation  to  original  thought.  As  he  had  said  before  in 
the  Hall,  he  thought  the  methods  of  education  and  the  type  of  mind 
thereby  evolved  should  be  very  useful  to  the  community.  The 
mind  evolved  by  such  education  would  be  extremely  useful  in 
applving  its  powers  to  practical  problems  involving  imagination, 
and,  of  all  the  practical  problems  which  were  coming  before  the 
actuary,  those  which  required  imagination  weie  going  to  be  the 
most  important. 

Mr.  ALFRED  HENRY  agreed  with  Mr.  Anderson  that  the  two 
methods  were  not  widely  different  in  principle.  Mr.  Trachtenberg 
took  a  series  of  ten-year  groups,  whereas  he  divided  the  data 
into  two  groups  for  the  whole  series  of  ages  ;  Mr.  Trachtenberg 
using  the  ten-year  groups  found  it  unnecessary  to  weight  his 
quantities,  whereas  he  (the  speaker)  found  the  weighting  was  of 
considerable  importance.  Then  Mr.  Trachtenberg  used  functions 
which  involved  the  values  x  and  f(x),  and  he  himself  used  con- 
secutive summations  which  in  effect  gave  the  same  results.  There- 
fore he  did  not  think  there  was  very  much  between  them  in  principle. 
With  regard  to  Mr.  Underwood's  remarks,  he  was  much  interested 
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in  hearing  of  a  practical  application  of  the  method.  He  had  not 
had  access  to  office  records  in  order  to  test  the  value  of  the  method 
from  the  point  of  view  of  Life  Office  work,  but  had  used  the  Board 
of  Trade  returns.  It  was  satisfactory  to  learn  from  Mr.  Underwood 
and  also  from  Mr.  Simmonds  that  in  working  from  actual  figures 
it  was  possible  to  get  accurate  results.  With  regard  to  the  question 
of  the  irregularity  of  individual  values  being  likely  to  throw  out 
the  result,  if  one  had  a  very  large  group  of  data  at  any  particular 
age  and  valued  the  re-insurances  by  the  same  method,  the  errors 
were  bound  to  be  reduced.  Apart  from  that,  errors  of  distribution 
as  between  the  ages  in  a  particular  group  did  not  relate  to  that 
group  entirely  ;  regard  must  be  had  to  the  whole  series  of  data  from 
the  first  group  to  the  last.  If  the  grouping  was  in  five-year  age 
groups  unequal  weighting  in  one  group  might  be  counterbalanced 
in  another  group.  With  regard  to  the  question  raised  by 
Mr.  Simmonds,  he  was  convinced  personally  that  to  get  the  best 
results  from  the  method  it  was  necessary  to  adopt  some  method  of 
weighting.  The  errors  in  the  method  when  using  quinary  groups 
might  arise  in  three  ways.  There  was  the  question  as  to  whether 
there  was  proper  distribution  over  the  quinary  group,  i.e.,  whether 
the  values  assumed  by  the  data  at  individual  ages  were  such 
as  to  give  a.  correct  result  when  valued  at  a  central  age  ; 
there  was  the  question  as  to  whether  the  approximate  curve  did 
in  fact  fit  the  values  of  the  function  to  which  it  had  been  applied  ; 
and  thirdly  there  was  the  question  as  to  whether  the  distribution  of 
ages  was  approximately  in  accordance  with  the  weighting.  The 
object  of  the  weighting  was  to  make  certain  that,  even  if  the  approxi- 
mate curve  did  not  fit  the  curve  of  the  valuation  factor,  on  a  normal 
distribution  there  would  still  be  a  correct  result.  Without  some 
system  of  weighting  that  could  not  be  obtained.  It  followed  that, 
if  there  was  a  distribution  somewhat  dissimilar  from  the  actual 
weights  used  in  the  function,  such  an  accurate  result  might  not  be 
obtained.  It  all  depended  on  the  balance  of  error,  and,  although 
by  weighting  one  secured  the  balance  of  error  in  a  normal  case,  one 
might  secure  the  balance  of,  error  in  other  ways,  and  he  thought 
that  accounted  for  Mr.  Simmonds's  results  in  applying  his  particular 
constants.  One  did  not  get  a  very  different  result  from  the  constants 
obtained  by  his  system  of  weighting.  It  was  a  well-established 
fact  that  if  the  system  of  weights  was  a  reasonable  one  the  values  of 
the  actual  weights  themselves  did  not  interfere  very  much  with 
the  final  functions  obtained.  He  would  like  to  endorse  what 
Sir  Alfred  Watson  had  said  as  to  the  method  not  being  intended 
as  anything  more  than  a  check  valuation.  As  things  were  at  present 
it  would  be  rather  difficult  to  put  forward  a  valuation  made  on 
his  lines  as  one  complying  with  the  Assurance  Companies  Act. 
For  that  reason  he  had  never  considered  the  method  as  affording 
more  than  a  check  valuation,  but  the  value  of  it  as  a  check  valuation 
was  that  it  did  not  reproduce  particular  errors.  If  the  value  of, 
say,  a  reversion  had  been  entered  incorrectly,  that  error  was  not 
reproduced  ;  the  valuation  was  made  ab  initio.    On  the  question 
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of  auxiliary  columns,  he  had  always  recognised  that  it  was  possible 
to  use  auxiliary  columns,  but  it  was,  he  thought,  a  good  feature  of 
his  method  that  auxiliary  columns  had  not  to  be  used.  It  seemed 
to  him  that  the  use  of  auxiliary  columns  through  all  the  classification 
books  and  alteration  books  entailed  a  lot  of  extra  work. 

Mb.  TEACHTEXBEEG  said  that  Mr.  Underwood  had  referred 
to  the  necessity  by  his  method  of  multiplying  by  3J,  4  J,  &c.  If 
done  in  that  way  it  would  take  two  columns  in  the  class  books,  but 
his  intention  was  to  use  Mr.  King's  classification,  multiply  by  0,  1, 
2,  up  to  9,  and  then  subtract  4-5  times  the  total  sum.  Mr.  Anderson, 
in  comparing  his  method  with  Mr.  Henry's,  said  that  whereas  he 
assumed  that  the  sum  assured  was  a  linear  function,  Mr.  Henry 
took  the  sums  assured  as  weights,  and  he  suggested  that  that  was  the 
sole  difference  between  the  methods.  But  his  method  took  account 
of  second  differences,  whereas  Mr.  Henry's  took  account  of  first 
differences  only.  He  would  like  to  emphasize  the  fact  that  he 
(the  speaker)  put  forward  his  method  as  an  exact  method  and  not 
as  a  check  method.  The  operations  were  too  elaborate  for  a  check, 
whereas  they  would  be  simple  enough  for  a  method  which  replaced 
a  detailed  valuation,  and  that  was  what  he  proposed  it  should  do. 
He  agreed  that  it  was  very  desirable  to  test  the  various  approximate 
methods  by  applying  them  to  the  same  data.  An  approximate 
method  of  valuation  might  seem  strange  at  first,  yet  after  repeated 
application  be  found  as  simple  as  the  ordinary  detailed  method. 
Xo  method  should  be  criticized  merely  on  the  ground  that  it  was 
unfamiliar.  He  admitted  the  simplicity  of  Mr.  Henry's  method 
and  thought  it  was  wonderfully  fitted  for  the  purpose  for  which 
he  had  put  it  forward — as  a  sufficient  check. 


Mr.  A.  E.  King  writes  : 

"  .  .  .  .  Mr.  Trachtenberg  gives  at  the  outset  a  table  of 
particulars  of  Sums  Assured  for  Valuation,  the  particulars  being 
identical  with  those  given  in  §12  of  my  paper.  It  is  necessary 
in  working  by  Mr.  Trachtenberg's  method  to  multiply  2S  by  a  and 
2Sa;  by  (3,  and  advisable  that  S  for  each  age  should  be  multiplied 
by  x  without  any  material  cutting  down  of  figures.  In  working  by 
my  method  it  is  necessary  to  find  the  weighted  age  by  dividing 
2&e  by  and  then  the  sums  assured  are  multiplied  by  Aw  where 
w  is  the  weighted  age  found  as  above  ;  and  it  is  to  be  noted 
that  S  may  be  cut  down  from  six  figures  to  four  figures  or  even 
three  figures,  if  we  choose  to  do  so,  without  any  sensible  loss  of 
accuracy.  .  .  .  The  advantage  of  Mr.  Trachtenberg's  method 
is  that  extended  tables  of  assurance  and  annuity  values  are 
dispensed  with,  but  as  against  this  there  are  the  following 
disadvantages  : 

(1)  Two  factors  have  to  be  used  instead  of  one. 

(2)  The  figures  should  not  be  materially  cut  down.    In  practice 

it  is  my  rule  to  use  but  two  figures  of  the  sum  assured  in 
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finding  the  weighted  age  and  this  effects  a  great  saving 
of  time  and  labour. 

(3)  The  bonuses  also  require  to  be  weighted  afresh  at  every 

valuation  ;  there  is  no  corresponding  device  put  forward 
to  that  given  in  my  paper  which  allows  the  weighted  age 
obtained  from  the  sum  assured  to  be  employed  in  valuing 
bonuses  and  premiums. 

(4)  In  working  by  my  method  with  a  weighted  age  the  actuary 

can  watch  the  progression  of  the  weighted  ages  for  each 
10-year  group  from  year  to  year  and  thus  has  some  check 
on  the  work  of  his  subordinates.  Mr.  Trachtenberg's 
method  does  not  carry  this  advantage. 

It  should  be  borne  in  mind  that  my  extended  tables  when  once 
calculated  are  ready  for  use  for  all  time,  whereas  the  trouble  of 
multiplying  sums  assured,  bonuses  and  premiums  by  x  for  each 
age  to  the  last  figure  is  a  task  which  is  inflicted  afresh  at  every 
valuation. 

 Mr.  Trachtenberg  states  that  the  system  of  class 

books  described  in  §§30-35  in  my  paper  will  equally  well  serve 
the  purpose  of  his  method.  His  tables,  however,  would  have  to 
be  extended  to  ten  times  the  present  size,  for  a  given  10-year  group 
comprising  ages  20-29  will  next  year  comprise  ages  21-30  and  so  on. 
Mr.  Trachtenberg  also  would  require  weights  for  bonuses  and  they 
would  need  to  be  changed  after  every  distribution  of  surplus. 

It  may  interest  members  to  know  that  although  it  is  my  practice 
to  make  a  valuation  on  the  usual  lines  in  respect  of  each  individual 
year  of  birth  and  maturity  for  the  purposes  of  Board  of  Trade  returns 
the  only  check  employed  on  the  calculations  is  a  second  valuation 
of  extended  grouping,  employing  weighted  ages." 


Mr.  Henry  sends,  at  the  request  of  several  members, 
the  following  example  of  the  calculation  of  the  constants 
a  and  b  : 

This  example  represents  the  calculation  of  the  constants 
for  the'0M  3  per-cent  annuity. 

In  this  case  the  weighting  and  the  calculations  relate  to 
quinquennial  groups,  but  in  certain  circumstances  it  may  be 
desirable  to  weight  the  values  for  individual  ages  (see  remarks 
on  p.  50)  ;  the  principles  of  the  calculation  are,  however,  the 
same. 

If  ax  be  the  annuity  value  at  age  x  and  wx  be  the 
corresponding  "  weight then  the  following  equation  holds 
good  : 

wxax  =  ivx(a  +  bx) . 

The  data  are  divided  into  two  groups  for  which  separate 
constants  are  required,  namely,  ages  under  55  and  ages  55 
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and  over.  In  the  former  group,  for  convenience,  the  origin 
is  taken  at  age  15,  and  in  the  latter  group  at  age  55.  The 
following  table  can  therefore  be  constructed  for  central 
quinary  ages  : 


Weighted  value  of 

Age 

Weight 

Weighted 

the  function 

Annuity 

a  +  bx 

17 

0 

0 

22 

14 

311 

14a  +  986 

27 

51 

1073 

51a  +  6126 

32 

83 

1736 

88a +  14966 

37 

113 

2068 

113a +  24866 

42 

124 

2079 

124a  +  33486 

47 

127 

1918 

127a +  40646 

52 

121 

1614 

121a +  44776 

57 

109 

1253 

109a  +  2186 

62 

93 

897 

93a+  6516 

67 

74 

580 

74a +  8886 

72 

50 

308 

50a +  8506 

77 

25 

116 

25a  +  5506 

82 

9 

30 

9a +  2436 

87 

2 

5 

2a +  646 

92 

0 

0 

Taking  now  the  group  relating  to  ages  under  55,  only  two 
constants  are  required,  and  therefore  only  two  equations  are 
necessary.  The  weighted  equations  are  therefore  combined, 
somewhat  arbitrarily,  into  two  groups,  ages  17-37  and  42-52 
respectively,  thus  giving  the  following  equations  : 

2tf6a  + 46926  =  5188 
372a +  118896= 5611 
Whence  a=  24-94853  6= -'308676 

Similarly  for  ages  over  55,  the  following  equations  result  : 
276a  + 17576  =  2730 
86a  +  17076=459 
Whence  a=12'041515  6=  -"337768. 

In  the  above  example  the  weights  used  are  based  on  the 
model  office  ;  in  actual  practice,  the  weights  should  be  chosen 
so  as  to  reflect  the  circumstances  of  the  particular  calculation 
in  view. 

f  2 
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Valuation  of  Redeemable  Securities  with  allowance 
for  Tax. 

In  view  of  the  prospect  of  a  high  rate  of  income-tax  being 
maintained  for  many  years,  it  has  become  the  usual  practice 
— at  any  rate  among  actuaries — to  estimate  yields  on  a  net 
basis  after  allowance  for  tax  at  the  current  rate.  It  may  be 
useful,  therefore,  to  discuss  two  or  three  special  types  of 
redeemable  security  that  arise  in  investment  work.  In  dealing 
with  such  securities  it  is  not  as  a  rule  worth  while  to  obtain 
an  explicit  formula  for  the  approximate  yield.  It  is  sufficient 
to  value  at  two  rates  and  make  a  first- difference  interpolation. 
Or  in  these  times  when  quotations  are  often  wide  and  business 
a  matter  of  negotiation,  the  investor  may  have  decided  on 
the  net  yield  at  which  he  would  regard  a  particular  security 
or  class  of  security  as  worth  consideration,  and  may  want  a 
value  to  compare  with  current  quotations.  In  either  case  the 
question  becomes  one  of  valuation  to  give  a  specified  net 
yield — rather  than  of  direct  determination  of  the  yield. 

The  rates  of  dividend  and  tax  will  be  denoted  by  g  (per 
interval)  and  t,  and  the  net  rate  of  interest  by  i  (per  interval).. 

This  type  of  security  presents  no  difficulty,  as  all 

Loan  repayable     ,i     ,     •  •  -t        ,i        n         j»  , 

by  fixed         that  is  necessary  m  order  to  allow  tor  income-tax 

instalments.          .  t*         v  •       t  c 

is  to  replace  g  by  g(l  —  t)  m  the  usual  formulas. 
If  repayments  take  place  by  drawings  at  par  the  value  of 
a  unit  of  the  loan,  regarded  as  an  average  sample  of  the 

whole  loan,  to  yield  the  net  rate  i  will  be  K+       .  ^  (1— K), 

where  K  is  the  present  value  at  rate  i  of  the  remaining 
instalments  per  unit  of  the  outstanding  amount  of  the  loan. 

If  the  repayments  may  be  made  by  purchase  when  the 
loan  is  below  par,  then  the  value  of  a  unit  of  the  loan  to 
yield  the  net  rate  i(>g  —  gt),  on  the  usual  assumption  that 
the  unit  in  question  will  be  held  until  the  end  of  the  term  of 
the  loan  and  will  then  be  repaid  at  par,  is  l  —  (i  —  gl  —  t)a^, 
where  the  final  instalment  of  the  loan  is  repayable  at  the  end  of 
n  intervals.  The  amounts  of  the  instalments  do  not  enter  into 
the  formula,  but  it  is  obvious  that  towards  the  end  of  the 
term  the  demand  for  repayment  account  must  greatly  exceed 
the  normal  supply  and  that  opportunities  may  consequently 
arise  for  the  realization  of  a  higher  rate  than  i  by  sale. 

An  example  of  a  loan  repayable  by  fixed  instalments  by 
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drawings  or  purchase  is  afforded  by  the  Belgian  3  per-cent 
Sterling  Loan  of  1914.  On  the  basis  of  6s.  tax  throughout 
the  value  as  at  5  February  1920,  to  yield  3^  per-cent  net 
half-yearly  was  100  — -022afsf  whicli  =52-37. 
Loan  repayable  ^  l°an  repayable  by  an  annuity  comes  under  the 
by  annuity.      ]agt  i1Pac[ing^  Dut  admits  of  special  treatment. 

The  remaining  term  of  the  loan  being  n  intervals  the 
successive  instalments  per  unit  of  the  amount  outstanding  will 
be        ,  (l+g)/s^3  &c,  and  K  will  be 

which  (in  the  usual  case  of  i  exceeding  gr)  =  oV(l  +g)s~  where 
if—{i—g)l(l+g)}  or  more  conveniently  (a^/a^  —  g /*)/(!  —  g/i)* 
Hence  the  value  of  a  unit  of  the  loan  to  yield  the  net  rate  i  is 

g{l-t)/i+  [l-g(l-t)li](aTllal-gl;)  (1-g/i). 

For  interpolation  purposes  this  expression  may  be  written  in 
the  form  (]  i-tj\)anlag-  —  tlX,  where  i=  (1  -j-\)g. 

The  Indian  Railway  Annuities  are  virtually  loans  of  this 
type,  but  as  they  are  quoted  per  £1  of  annuity  the  expression 
for  the  value  will  take  the  form  (1  +  t/\)an\  —  taan /\  where  n  is 
the  remaining  term.  Thus,  in  the  case  of  Great  Indian 
Peninsula  Eailway  A  annuity  (of  which  the  schedule  for 
income-tax  purposes  is  calculated  on  the  basis  of  interest  at 
1*425  per-cent  half-yearly),  if  we  neglect  the  final  fraction  of 
the  annuity  for  the  period  from  1  July  to  17  August  1948,  and 
also  the  small  deduction  for  expenses  and  management,  the 
value  at  1  July  1920,  to  yield,  say,  3  per-cent  net  half-yearly 

on  the  basis   of    6s.  tax  will  be    ~  n-271a3^  —  -271a1- 25%1 

^  L  56|  5o|      J } 

which  =11*9.  The  B  annuity  presents  a  different  problem. 
If  the  income  of  the  existing  sinking  fund  accumulations 
together  with  future  sinking-fund  contributions  could  be 
invested  in  the  purchase  of  the  B  annuity  at  prices  to  yield 
3  per-cent  half-yearly,  then  the  value  of  the  annuity  at 
1  July  1920,  to  yield  3  per-cent  net  half-yearly  on  the  basis 
of  6.5.  tax  would  be  11*9  (as  above)  +p  +  qa^ ,  where  p  and  q 
(which  could  be  estimated  from  the  published  list  of  sinking- 
fund  investments)  represent  respectively  the  present  value  of 
the  existing  sinking-fund  per  unit  of  annuity  and  the  half- 
yearly  net  interest  thereon.   Clearly  the  supposed  sinking-fund 


70 


Valuation  of  Redeemable  Securities 


[April 


procedure  could  not  be  followed  throughout  the  term  of  the 
annuity.  Nevertheless,  if  consistently  followed  as  long  as 
possible  it  must  (subject  to  possible  further  depreciation  of  p 
and  conversion  of  A  annuity  into  B  on  too  favourable  terms) 
have  the  effect  of  enabling  an  investor  at  the  price  above-stated 
to  realize  at  least  the  required  yield  by  sale. 
Loan  repayable  Suppose  the  amount  per  interval  applied  to  the 
service  of  the  loan  to  be  z  -f-  g  per  unit  of  the 
outstanding  amount  of  the  loan. 

If  repayments  take  place  by  drawings  at  par  at  the  end 
of  each  interval  the  average  value  of  a  unit  of  the  loan  to 
yield  the  net  rate  i  will  be  (1  +  tjX)a^)Jag-,  —  tjX,  where  i=  (1  -+-X)gr 
and  (z  +  g)a^  =  l.  When  the  drawings  take  place  less 
•frequently  than  interest  is  payable  this  can  be  allowed  for,  if 
desired,  by  a  modification  of  t.  For  the  general  formula 
gs$\l-t) 

becomes  Kh  :  (1— K),  and  all  that  is  necessary  is  to 

% 

put  (1  —  t)s{^—\  —  t' .  Thus,  if  drawings  take  place  yearly  and 
interest  is  payable  half-yearly,  the  value  to  yield  the  net  yearly 

rate  i  will  be  (1  -t- 1' /X)anJa^  —  t' j\,  where  t' '  —  t—        —  t); 

The  Copenhagen  4  per-cent  Loan  of  1901,  is  repayable  by 
annual  drawings  at  par  in  approximately  47  years  from 
15  November  1901,  interest  being  payable  on  15  May  and 
November.  Hence  the  value  on  15  November  1920,  to  yield 
the  net  yearly  rate  of  5  per-cent  on  the  basis  of  6*>\  tax  will  be 
2'165ajj|7a^S  — 1'165_,  which  =77  without  regard  to  any  profit 
on  exchange. 

If  repayments  may  be  made  by  purchase  under  par  and 
i  is  >  g,  it  must  be  assumed,  as  usual,  that  the  purchases  for 
repayment  account  will  be  made  at  prices  to  yield  the  net 
rate  i.  If  n  be  the  number  of  intervals  in  which  the  loan  will 
be  repaid,  Sr  the  proportion  of  the  loan  (per  unit  of  the 
existing  amount)  outstanding  at  the  beginning  of  the  (r  +  l)th 
interval,  and  Xr  the  price  per  unit  at  the  beginning  of  the 
(r+l)th  interval  — so  that  S0=l,  S„=0,  X0  =  the  present 
value  per  unit  and  Xw=  1  —  then 

z +y = gSr- 1  +  xr  (Sr_ ,  —  sr) 

and  Xr=:l  —  [i—(l  —  t)g]an_r 

Hence,  beginning  with  z  -f  gr  =  (l  +  g)Sn_1}  a  schedule  of  the 
future  operation  of  the  loan  can  be  constructed  backwards 


1920. 


with  allowance  for  Tax. 


71 


until  the  value  S0=  1  is  reached.  The  process  is  shown  by  the 
following  extract  from  a  schedule  of  the  Argentine  (Port  of 
the  Capital)  5  per-cent  Loan,  z  +  g  being  taken  at  the  date  of 
valuation  as  '04674  on  the  amount  outstanding,  t  as  "3,  i  as  "03 
and  therefore  i— (1— t)g  as  '0125  : 


j  n-r  Xr 

log  (z+g  +  X,Sr 

log^  +  X,.) 

(3)-(4j 

Sr-l 

Sr-iXr_i 

log  Xr 

0  1- 

•6697 

•0107 

•6590 

'0456 

•0450 

1  -9879 

•9628 

•0356 

•9572 

•0906 

•0884 

•9947 

2  -9761 

•1310 

•0005 

1305 

1351 

•1303 

•9895 

I  25  -7823 

•8945 

•9070 

•9875 

•9716 

•7541 

•8934 

26  7765 

•9037 

•9039 

•9998 

•9995 

•7705 

•8901 

so  that  the  term  of  the  loan  to  yield  3  per-cent  net  half-yearly 
should  be  13J  years  and  the  price  77.  When  an  investment 
is  made  in  a  loan  of  this  kind,  it  is  very  desirable  that  a 
complete  schedule  should  be*  constructed  and  the  market  price 
compared  at  the  end  of  each  interval  with  the  price  shown  in 
the  schedule,  because  if  purchases  are  made  for  repayment 
account  at  prices  in  excess  of  schedule  prices  the  term  of  the 
loan  may  be  lengthened  and  the  investor  will  not  realize  the 
intended  yield  unless  he  sells. 

But  it  would  obviously  be  inconvenient  to  construct  a 
complete  schedule  merely  for  valuation,  and  an  approximate 
value  may  be  obtained  by  some  such  method  as  the  following. 
Since 

X=  'z  +  g)a~-tg{vS0-T-vo-$l  +  .  .  .«»S»_,) 
=  {z  +  9)°-n—tg{va/-  say, 
and  X=l  —  [i— g(l— *)]a«i 

it  follows  that 


x—  [z + 9 — ty ( vc0 n/a^~\l[z+  i  +  tg  —  tg ( va) n/a«  ] 

If  S  decreased  from  1  to  0  in  A. P.  (which  will  be  roughly 

the  case),  (ra)^/a?7  would  =(l/a^— and  this  expression 

does  not  differ  greatly,  for  a  wide  range  of  n  and  i,  from  '6. 

tt         xr     z  +  q  —  'Qtg  . 

Hence  .x  =   -.  ~  approximately. 

z  +  i  +  -+tq  ri 
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In  the  example  given  above  this  would  make  the  6  per- 
cent net  value  77*2.  It  gives  also  the  convenient  direct 
approximation  to  the  yield  i=(z  +  g  —  '6tg)/'X.—  (z  +  '4tg). 


With  reference  to  the  article  in  the  October  1919 
number  of  the  Journal  on  "The  Valuation  of  Victory  Bonds 
held  to  pay  Estate  Duty",  Mr.  Lidstone  draws  attention  to 
the  fact  that  the  formula  given  in  the  footnote  on  p.  363  is 
applicable  not  only  at  date  of  issue,  but  also  after  t  years 
(when  t  is  integral)  if  z  be  taken  as  the  proportion  per  unit 
of  the  outstanding  amount  of  the  loan  to  be  redeemed  at  the 
next  drawing,  or  in  other  words  the  ratio  of  the  Sinking  Fund 
including  interest  on  bonds  previously  drawn  to  the  out- 
standing amount  of  the  loan ;  but  the  particular  result 
1' 125a  — *  125a'  applies  only  at  the  date  of  issue. 


UNEMPLOYMENT  INSURANCE  BILL. 


REPORT  BY  THE  GOVERNMENT  ACTUARY  ON  THE 
FINANCIAL  PROVISIONS  OF  THE  BILL. 

To  The  Bt.  Hon.  Sir  Bobert  S.  Horne,  K.B.E.,  K.C.,  M.P., 
Minister  of  Labour. 

Government  Actuary's  Department, 
Wellington  House, 

Buckingham  Gate, 

London,  S.W.  1. 

Sir, 

I  have  investigated  the  effect  of  the  financial  provisions  of  the 
Unemployment  Insurance  Bill,  including  the  proposed  conditions  as 
to  contributions  and  benefits,  and  submit  the  following  report 
thereon. 

Number  of  Insured  Persons. 

1.  The  scheme  applies  to  all  employed  persons  under  contract 
of  service  in  Great  Britain  between  16  and  70  years  of  age  with 
certain  exceptions  as  set  out  in  Part  II  of  the  First  Schedule.  The 
principal  of  these  exceptions  are  the  groups  of  persons  employed  in 
agriculture,  in  domestic  service,  in  the  teaching  profession,  in  the 
naval,  military  or  air  service  of  the  Crown,  in  the  permanent  civil 
service  (in  an  established  capacity),  and  in  the  service  of  local  or 
public  authorities,  or  in  that  of  railway  companies  or  other  public 
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companies  engaged  in  statutory  undertakings,  where  the  conditions 
of  service  are  certified  by  the  Minister  to  be  such  as  to  render 
insurance  against  unemployment  unnecessary.  Persons  employed 
otherwise  than  by  way  of  manual  labour  and  at  a  rate  of  remuner- 
ation exceeding  £250  a  year  are  also  excepted. 

In  the  case  of  Ireland  the  persons  included  in  the  scope  of  the 
Bill  are  those  employed  in  the  "  Insured  Trades  "  under  the  National 
Insurance  (Unemployment)  Acts,  1911  to  1919. 

The  estimated  numbers  of  employed  persons,  classified  according 
to  Industries,  are  given  in  the  Appendix.  These  numbers  for  the 
most  part  relate  to  October  1919,  and  are  based  upon  statistics 
obtained  in  the  course  of  periodical  investigations  made  by  the 
Board  of  Trade  as  to  the  state  of  employment  in  the  United  King- 
dom, certain  modifications  being  made  to  allow  of  the  risks  of  the 
class  of  General  Labourers  being  separately  treated  in  the  course 
of  the  calculations.  The  data  do  not  distinguish  between  non-manual 
workers  remunerated  at  rates  under  and  over  £250  respectively, 
or  separately  indicate  the  numbers  of  employed  persons  who  are 
over  the  age  of  70.  In  this  respect  the  figures  shown  represent 
a  somewhat  greater  number  of  employed  people  than  would  be 
affected  by  the  Bill  at  the  present  time,  and  some  reduction  should 
be  made.  There  are,  however,  counter-balancing  factors.  In 
the  first  place,  the  Bill  does  not  come  into  operation  till  October 
1920,  and  the  natural  increase  of  the  insurable  population  during  the 
intervening  12  months  must  be  allowed  for.  Secondly,  there  were 
in  October  1919,  considerable  numbers  in  receipt  of  out-of-work 
donation,  or  still  in  the  Forces  and  awaiting  demobilization,  and 
although  the  re-absorption  of  these  groups  in  industry  may  chiefly 
tend  to  fill  up,  directly  and  indirectly,  the  numbers  of  the  two  large 
industrial  sections  which  are  excluded  from  insurance,  namely, 
agriculture  and  domestic  service,  a  substantial  residue  may  be 
expected  to  add  to  the  ranks  of  the  insured  population.  After 
allowing  for  these  factors  it  would  appear  reasonable  to  assume  that 
the  figures  given  above  supply  a  sufficiently  close  approximation  to 
the  numbers  to  whom  the  scheme  will  apply  on  1  October  1920,  and 
they  have  been  adopted  accordingly. 

The  total  numbers  thus  estimated  to  come  under  the  scheme 
are  as  follows  : 

Men   8,332,900 

Women    3,429,800 

Of  these  numbers,  628,300  men  and  455,900  women  are  estimated 
to  be  between  16  and  18  years  of  age,  and  therefore  subject  to 
reduced  rates  of  benefits  and  contributions. 

2.  The  scheme  provides  for  insurance  through  a  central  Unem- 
ployment Fund  (Clause  12),  but  by  Clause  16  provision  is  made 
for  insurance  through  separate  schemes  in  cases  where  that  method 
appears  to  the  Minister  to  be  the  more  appropriate,  facilities  being- 
given  for  the  establishment  of  schemes  made  by  Joint  Industrial 
Councils  or  associations  of  employers  and  employees,  or  by  the 
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Minister  himself.  The  effect  of  these  provisions  needs  careful 
consideration  from  the  financial,  point  of  view,  since  with  a  uniform 
rate  of  contribution  the  immediate  effect  of  segregation  under  separate 
schemes,  where  that  is  resorted  to  in  the  case  of  industries  with  less 
than  the  general  average  amount  of  unemployment,  must  be  to 
reduce  the  income  of  the  central  Unemployment  Fund  to  a  greater 
extent  than  the  liabilities  of  the  Fund  are  diminished.  The  pro- 
visions of  Clause  16  (5)  under  which  the  State  grant  is  fixed  as  a 
maximum  of  30  per-cent  of  the  normal  rate  {i.e.,  one-tenth  of  the 
contributions  of  employers  and  employees  instead  of  one-third)  in 
cases  where  separate  schemes  are  established  emphasize  this  point, 
since  segregation  will  not,  as  a  rule,  be  practicable  unless  the  rate  of 
unemployment  in  an  industry  contemplating  separate  insurance  is 
at  least  15  per-cent  below  the  geneial  average.  While  it  is  impossible 
to  say  to  what  extent  segregation  may  be  resoited  to,  these  con- 
siderations make  it  imperative  that  a  full  estimate  of  its  effect 
should  be  included.  I  am  instructed  that  the  conditions  of  the 
industry  may  be  expected  to  facilitate  tne  establishment  of  separate 
schemes  in  the  case  of  certain  large  industrial  groups,  including,  in 
the  aggregate,  rather  more  than  3,000,000  employed  persons,  the 
average  of  whose  estimated  rates  of  unemployment*  is  under  50 
per-cent  of  the  average  of  the  rates  applicable  to  all  industrial 
groups  within  the  Bill.  I  have  accordingly  assumed  that  these 
groups  will  be  outside  the  central  Unemployment  Fund,  while,  for 
somewhat  different  reasons  to  those  which  govern  the  ordinary  case, 
the  Mercantile  Marine  is  expected  to  require  separate  treatment 
(Clause  18)  and  is  also  excluded.  It  may  further  be  assumed  that 
in  some  other  cases  where  industrial  groups  can  be  distinguished 
so  far  as  to  render  possible  the  joint  arrangements  which  Clause  16 
contemplates,  resort  will  be  had  to  the  powers  given  by  this  clause, 
and  I  have  accordingly  added  to  the  numbers  above  stated  514,000 
persons  with  a  very  low  rate  of  unemployment  as  likely  to  go  under 
special  schemes.  I  thus  arrive  at  the  conclusion  that  of  the  employed 
persons  brought  under  the  Act,  7,995,000  will  be  insured  through  the 
central  Unemployment  Fund,  and  3,767,700  through  special  schemes 
set  up  under  the  powers  conferred  by  Clause  16.  The  distribution 
of  the  number  assumed  to  be  insured  through  the  Central  Fund, 
with  reference  to  age  and  sex,  is  as  follows  : 

Men  aged  over  18    5,146,700 

„    „    16  to  18    416,100 

Women  aged  over  18    2,097,500 

„    16  to  18    334,700 


Total   7,995,000 

The  Income  of  the  Unemployment  Fund. 

3.  The  joint  contribution  of  employer  and  workman  is  fixed  by 
the  Third  Schedule  at  M.  a  week  for  men  and  bd.  a  week  for  women. 

*  See  paragraph  4  as  to  rates  of  unemployment. 
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these  rates  being  reduced  to  ±d.  and  3d.  respectively  in  the  case  of 
})ersons  under  18  years  of  age.  The  State  grant  is  fixed  at  one-third 
of  the  contribution  of  employers  and  workpeople,  thus  bringing 
up  the  total  contribution  to  3d.  a  week  for  men  and  6f d.  a  week  for 
women.  The  estimated  average  number  of  contributions  payable 
yearly,  after  allowing  for  periods  of  unemployment,  sickness  and 
holidays,  is  46.  The  total  annual  income  of  the  Unemployment 
Fund  from  the  contributions  paid  in  respect  of  the  7,995,000 
emploved  people  estimated  to  be  insured  through  this  Fund  is  ac- 
cordingly £11,246,000,  of  which  £2,812,000  will  be  contributed  by  the 
Exchequer.  In  arriving  at  these  sums  no  deduction  has  been  made 
in  respect  of  the  persons  exempted  from  insurance  under  Clause  3, 
and  in  whose  case  employers'  contributions  only,  with  the 
accompanving  State  grant,  are  payable.  The  experience  of  Health 
Insurance  in  respect  of  corresponding  provisions  shows  that  the 
number  of  exempted  persons  is,  relatively  to  the  total,  negligible, 
and  reductions  both  of  income  and  expenditure  due  to  exemptions 
have  accordingly  been  disregarded. 

The  Income  of  the  Fund  also  includes  the  interest  accruing  from 
the  investments  of  the  Fund  accumulated  under  the  Acts  of  1911  to 
1919,  amounting  at  the  present  time  to  approximately  £19,000.000. 
The  receipts  from  this  source,  which  are  not  subject  to  Income  Tax, 
amount  approximately  to  £900,000  a  year. 

The  Rate  of  Unemployment. 

•4.  The  assumed  rate  of  unemployment,  i.e.,  the  average  pro- 
portion of  persons  who  are  unemployed  at  any  time,  is  shown  in 
respect  of  each  Industrial  group  in  the  last  column  of  the  Appendix. 
As  regards  the  "  Old  Insured  Trades  "  the  rate  adopted  in  framing 
the  financial  basis  of  the  Act  of  1911  was  8-6  per-cent,  the  method 
adopted  in  arriving  at  this  rate  being  described  in  the  Actuarial 
Report  issued  when  the  Bill  was  before  the  House  of  Commons. 
As  explained  in  my  report  on  the  National  Insurance  (Unemploy- 
ment) Bill,  1919  (Cmd.  439),  I  am  satisfied  from  the  statistics  which 
have  subsequently  become  available  that  the  risk  was  over-valued 
in  1911,  and  I  estimate  that  the  appropriate  rate  for  this  group  of 
trades  is  6-5  per-cent.* 

In  the  case  of  the  other  industrial  groups  the  rates  shown  have 
been  estimated  by  the  Ministry  of  Labour.  Wherever  possible 
these  rates  have  been  based  on  the  mean  annual  percentages  of  Trade 
Union  members  unemployed  as  supplied  to  the  Board  of  Trade  over 
a  prolonged  period,  but  in  some  cases  adjustments  have  been  con- 

*  It  appears  from  the  Actuarial  Report  on  the  Bill  of  1911,  that  in  the 
absence  of  data  as  to  the  rates  of  unemployment  in  the  several  branches  of  the 
Building  Trade  the  race  for  the  whole  trade  was  taken  as  double  the  rate 
appropriate  to  one  branch  of  the  trade,  namely  :  Carpenters  and  Plumbers.  The 
experience  of  the  years  1913-11,  which  may  be  taken  on  the  whole  as  sufficient 
to  indicate  the  relations  between  one  branch  of  the  Trade  and  another,  suggests 
that  the  proportion  should  have  been  taken  as  4  to  3,  and  this  proportion  has 
now  been  adopted. 
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sidered  necessary  to  provide  for  the  higher  rates  of  unemployment 
believed  to  prevail  among  workers  outside  the  Trade  Union  member- 
ship, and  for  disturbing  factors  introduced  by  recent  changes  in 
industrial  conditions.  In  view  of  the  high  rate  of  unemployment 
among  general  labourers  and  the  migratory  character  of  this  class, 
an  estimate  has  been  made  of  the  probable  number  of  general 
labourers  employed  in  each  of  the  groups,  and  these  have  been 
deducted  and  treated  as  a  separate  group  subject  to  an  unemploy- 
ment rate  of  10  per-cent. 

In  certain  groups  of  industries  no  information  as  to  the 
experience  of  unemployment  appears  to  be  available,  and  in  these 
cases,  namely  :  Transport  (excluding  Docks  and  Railways),  Clerks 
and  Shop  Assistants  and  Commercial  and  Public  Utility  Services, 
the  rates  submitted  to  me  have  no  statistical  basis,  though  it  is 
evident  that  they  have  been  very  carefully  considered. 

It  is  clear  that,  while  in  order  to  obtain  a  financial  basis  for  the 
scheme  some  estimate  of  the  general  rate  of  unemployment  is 
necessary,  the  material  available  for  the  purpose  is  far  from  satis- 
factory. That  is  inevitable  in  the  circumstances,  and  the  defect  is 
only  to  be  cured  by  the  institution  of  such  a  scheme  of  insurance  as 
is  now  proposed  and  in  connection  with  which  adequate  data  for  the 
study  of  the  subject  will  gradually  be  accumulated.  In  the  present 
uncertainty  I  regard  some  adjustment  of  the  data  supplied  to  me 
by  the  Ministry  of  Labour  as  essential,  and  I  have  accordingly 
added  10  per-cent  to  the  unemployment  rates  of  all  the  industrial 
groups  except  those  representing  the  trades  insured  under  the 
Acts  of  1911  and  1916.  In  the  result  I  obtain  average  rates  of 
unemployment  in  respect  of  persons  insured  through  the  central 
Unemployment  Fund  of  5-32  per-cent,*  representing  nearly  17 
working  days  per  annum.  It  should  be  clearly  understood  that 
this  is  the  yearly  average  over  a  series  of  years,  i.e.,  a  trade  cycle, 
and  that  no  inferences  as  to  its  validity  can  be  drawn  from  the 
experience  of  single  years,  or  even  of  several  years,  if  these  do  not 
represent  a  complete  cyclical  period. 

It  is  stated  above  that  the  rate  of  unemployment  adopted  in  the 
case  of  the  "  Old  Insured  Trades  "  is  6-5  per-cent,  and  the  general 
average  being  5-32  per-cent,  it  follows  that  as  a  group  the  old  insured 
trades  are  subject  to  a  rate  of  unemployment  about  22  per-cent 
above  the  general  average  of  all  trades  ;  while  further  analysis 
shows  that  this  rate  is  37  per-cent  above  the  average  of  all  trades 
exclusive  of  their  own  group.  In  view  of  the  pronounced  excess 
in  the  liability  thus  brought  by  the  old  insured  trades  it  becomes  of 
importance  to  consider  how  far  the  contribution  income  of  the  Fund 
from  this  group  is  supplemented  out  of  the  interest  earned  by  the 
present  Fund.  It  is  found  on  investigation  of  the  accounts  that 
of  the  total  Fund,  now  amounting  to  not  less  than  £19,000,000, 

*  It  has  been  considered  advisable  to  assume  a  somewhat  higher  rate  for 
persons  under  the  age  of  18,  in  view  of  the  time  probably  lost  by  many  of  those 
who,  as  this  age  is  approached,  are  excluded  from  juvenile  occupations,  and  pass 
into  adult  employment. 
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the  sum  accumulated  from  the  contributions  paid  in  respect  of  the 
old  insured  trades  is  not  less  than  £16,000.000,  producing  an  interest 
income  of  £750,000.  This  sum  represents  an  annual  payment, 
for  about  2,600,000  persons,  of  nearly  6s.  each,  equivalent  to  an 
addition  of  about  20  per- cent  to  the  contributions  payable  under 
the  Bill.  It  may  be  assumed  therefore  that  so  long  as  the  existing 
Fund  is  maintained  intact  its  interest  earnings  viewed  as  a  contri- 
bution made  to  the  common  stock  by  the  old  insured  trades  will 
put  those  trades,  in  relation  to  the  general  body,  in  a  not  less 
favourable  position  than  will  be  several  important  groups  now 
brought  into  insurance  for  the  first  time. 

The  Limiting  Provisions  as  to  Benefits. 

5.  The  Second  Schedule  provides  that  benefit  shall  be  payable, 
at  the  rate  of  15s.  for  men  and  125.  for  women,  for  each  week  in  a 
"  spell "  of  unemployment  following  the  first  week,  subject  to 
certain  limitations  of  which  the  most  important  are  (i)  that  benefit 
shall  not  be  paid  for  more  than  15  weeks  in  any  insurance  year 
and  (ii)  that  no  person  shall  receive  more  unemployment  benefit 
than  is  represented  by  the  proportion  of  one  week's  benefit  for  every 
six  contributions  paid  by  him. 

The  effect  of  the  waiting  week  and  the  limitation  of  benefit  to 
15  weeks  in  any  period  of  12  months*  was  fully  investigated  in  the 
course  of  the  actuarial  enquiry  made  in  connection  with  the  Bill  of 
1911.  The  opinion  was  arrived  at  that  these  limitations  would 
reduce  the  "  benefit  days  "  to  71  per-cent  of  the  days  of  unemploy- 
ment and  the  further  limitation  under  the  "  one-in-five  "  rule  (for 
which  it  is  now  proposed  to  substitute  "one-in-six  ")  was  estimated, 
apparently,  to  reduce  this  proportion  to  about  64  per-cent.  I  have 
myself  made  an  independent  investigation  of  the  subject  from  such 
facts  as  are  available  from  the  working  of  the  Act  of  1911  prior  to 
the  War,  and  have  arrived  at  the  conclusion  that  the  several 
limitations  proposed  will  restrict  the  benefit  days  to  a  figure  between 
60  per-cent,  in  periods  of  good  trade,  when  spells  of  unemployment 
are  relatively  short  as  well  as  relatively  few,  and  70  per-cent  in 
periods  of  bad  trade  when  the  contrary  conditions  prevail.  Material 
for  more  precise  calculation  is  not  at  present  available,  and  for  the 
purpose  of  this  report  I  have  concluded,  therefore,  that  it  will  be 
sufficient  if  payment  of  benefit  in  66fj  per-cent  of  the  estimated 
number  of  days  of  unemployment  is  assumed,  and  have  framed  my 
estimates  accordingly. 

The  Expenditure  on  Benefits. 

6.  I  thus  estimate  that  the  expenditure  on  benefits  from  the 
Unemployment  Fund  will  be  £10,059,000  per  annum  in  respect  of 

*  The  Act  was  subsequently  amended  to  substitute  "  the  insurance  year  "  for 
any  period  of  twelve  months     thus  increasing  the  liability  to  some  extent, 
t  A  somewhat  larger  percentage  is  assumed  in  the  case  of  persons  under  the 
age  of  18,  in  correspondence  with  the  assumption  of  a  higher  unemployment  rate 
at  these  ages. 
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the  7,995,000  persons  assumed  to  be  insured  through  the  Fund. 
This  sum  represents  nearly  22J  million  weeks  of  unemployment,  in 
respect  of  which  benefit  will  be  payable  for  14§  million  weeks. 

The  estimated  expenditure  in  respect  of  the  cost  of  adminis- 
tration, taken  at  10  per-cent  of  the  income  of  the  Fund  (Clause  9), 
is  £1,214,000. 

Provision  is  made  (Clause  28)  for  payment  towards  expenses  of 
insured  persons  in  travelling  to  obtain  employment.  Judging  by 
past  expenditure  under  this  head  a  sum  of  £100,000  a  year  appears 
to  represent  a  reasonable  estimate  of  this  liability,  and  I  have 
adopted  it  accordingly. 

Summary  of  Income  and  Expenditure. 

7.  The  following  is  a  summary  of  the  estimated  annual  income 
and  the  average  expenditure  of  the  Fund  on  the  basis  of  a  fixed 
number  of  7,995,000  persons  insured  through  the  Fund. 


Receipts. 

£ 

From  contributions  of  Employers       ...  4,217,000 

„    Workers   4,217,000 

„    the  Exchequer  ...  2,812,000 

From  Interest  on  Investments   900,000 


Expenditure  (average). 

On  Unemployment  Benefit    10,059,000 

„  Travelling    Expenses    of  Insured 

Persons    100,000 

,,  Costs  of  Administration    1,214,000 


12,146,000 


11,373,000 


Surplus  (average)   £773,000 


The  scheme  is  thus  estimated  to  show,  on  the  average  of  a  series  of 
years,  a  surplus  of  £773,000  a  year.  This  amount  appears  large,  if 
considered  without  reference  to  the  transactions  to  which  it  relates, 
but  on  being  examined  with  due  regard  to  those  transactions  it  is 
seen  to  represent  no  more  than  a  prudent  provision  for  unforeseen 
contingencies.  It  is  equal  to  something  over  7J  per-cent  of  the 
claims  and  would  be  fully  absorbed  by  a  permanent  rise  in  the  level 
of  the  claims  to  this  comparatively  slight  extent,  having  in  view  the 
fact  that  an  increase  in  the  claims  would  of  necessity  be  accompanied 
by  a  reduction  in  the  receipts  from  contributions. 

8.  The  estimated  surplus  is  subject  to  one  other  qualification. 
If  the  claims  did  not  vary,  but  year  by  year  were  in  agreement  with 
the  average  assumed,  the  surplus  would  be  realized  with  regularity. 
But  in  fact,  the  claims  will  fluctuate,  and  even  though  the  average, 
taken  over  a  series  of  years,  may  accord  with  the  expectation,  the 
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ultimate  surplus  of  a  cyclical  period  may  be  considerably  affected  by 
the  course  which  unemployment  has  taken  from  year  to  year.  In 
the  early  part  of  the  period,  if  the  cycle  should  begin  with  employ- 
ment at  its  highest  point,  and  claims  at  a  minimum,  the  existing 
Fund  will  be  increased  and  further  interest  income  will  be  secured 
towards  meeting  the  strain  when  unemployment  is  at  its  maximum. 
If,  on  the  other  hand,  the  maximum  rate  of  unemployment  is  reached 
quickly,  the  Fund  will  be  reduced  for  a  time,  its  interest  income  will 
fall,  and  the  estimated  surplus  will  be  diminished  by  this  loss  of 
interest.  Experimental  calculations  indicate  that  if  the  maximum 
rate  of  unemployment  is  deferred  until  the  middle  of  a  trade  cycle, 
while  the  average  rate  over  the  cycle  agrees  with  the  present 
estimates,  the  surplus  shown  above  will  be  fully  secured,  but  that  if 
the  maximum  rate  of  unemployment  is  reached  in  the  early  part  of 
the  cycle,  the  ultimate  surplus  may  be  30  to  40  per-cent  below  the 
theoretical  expectation.  It  is  obviously  impossible  to  predict  the 
course  of  a  trade  cycle  or  to  measure  the  extremes  in  the  rate  of 
unemployment  which  will  be  touched  in  its  progress  ;  in  this  respect 
the  Fund  is  subject  to  contingencies,  such  as  do  not  operate  in  any 
other  sphere  of  insurance,  and  while  for  practical  purposes  the 
average  conditions  alone  can  be  investigated,  it  is  clear  that  the 
resulting  "  surplus  "  is  not  of  the  same  dependable  character  as  the 
surplus  found  on  the  valuation  of  a  life  assurance  company  or  even 
of  a  friendly  society. 

The  Exchequer  Grant. 

9.  The  charge  to  the  Exchequer  in  respect  of  the  central  Un- 
employment Fund  is,  as  shown  above,  £2,812,000,  but  to  this  there 
falls  to  be  added  the  payment  from  public  funds  to  special  schemes 
established  by  Joint  Industrial  Councils  or  associations  of  employers 
and  employees,  or  by  the  Minister,  under  Clause  16.  The  estimated 
maximum  expenditure  under  this  head  is  £410,000,  bringing  up  the 
total  charge  upon  public  funds,  under  the  conditions  assumed,  to 
£3,222,000.  It  is,  however,  to  be  observed  that  if  the  degree  of 
segregation  proves  to  be  lower  than  assumed  in  the  estimates  the 
charge  upon  the  Exchequer  will  be  increased.  If,  for  instance, 
the  number  of  employed  persons  brought  under  special  schemes 
should  be  no  more  than  two  millions  the  cost  to  the  Exchequer 
will,  it  is  estimated,  be  £3,670,000  per  annum  ;  in  this  event  the 
estimates  as  to  the  position  of  the  Central  Fund  would  be  favourably 
affected,  since  the  unemployment  risks  of  all  the  industries  assumed 
to  segregate  are,  as  indicated  in  para.  2,  lower  than  the  general 
average,  and  are  materially  lower  therefore  than  the  average  of  the 
classes  assumed  as  insured  through  the  Central  Fund. 

I  am,  Sir, 

Your  obedient  Servant, 


23  December  1919. 


(Signed)    ALFRED  W.  WATSON. 
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APPENDIX. 


Estimated  Number  of  Employed  Persons  within  the  scope  of  the  Bill, 
classified  according  to  Industries. 


Men 

Women 

Rate 
of 

Trade  Group 

Total 

Unem- 

Over 

Ages 
16-18 

Over 

Ages 

ploy- 

Age  18 

Age  18 

16-1S 

lnent 

Trades  insured  under 

1911  Act   

2,233,000 

153,700 

208,300 

14,600 

2,609,600 

6-5 

Trades  insured  under 

1916  Act   

OiUjbUU 

55,100 

266,900 

45,300 

987,900 

4-0 

Boot  and  Shoe  .. 

7o,UUU 

9,000 

19,400 

9,000 

145,400 

30 

China,  Earthenware, 
Glass      and  Mis- 

cellaneous ... 

l-rci  AAA 

8,900 

44,900 

6,500 

132,300 

6-0 

Clerks,  Shop  Assistants 

and  Commercial  ... 

1,020,200 

129,800 

860,500 

143,000 

2,153,500 

2-8 

Clothing 

99,500 

9,500 

338,600 

54,400 

502,000 

6-0 

Docks  ... 

AO  AAA 

98,000 

2,000 

100,000 

10-0 

Food,      Drink  and 

Tobacco 

Zoo,  oUU 

17, /UU 

1  Q  1  HAA 

lol,/ UO 

33,300 

499,000 

4-0 

Furniture 

133,900 

13,600 

27,600 

9,900 

185,000 

60 

General  Labourers  ... 

200,000 

10-0 

Hotels,  Boarding 

Houses,  Restaurants 

and  Places  of  Enter- 

tainment 

80,000 

9,000 

237,000 

24,000 

350,000 

2-5 

Mercantile  Marine 

241,000 

7,000 

1,000 

249,000 

3  0 

Mining 

1,017,400 

92,600 

8,000 

1,500 

1,149,500 

15 

Paper  and  Printing  ... 

184,400 

18,300 

94,800 

25,200 

322,700 

4-8 

Public  Utility  Services 

160,300 

2,000 

5,800 

168,100 

1-0 

Railways 

550,700 

38,300 

34,900 

4,000 

627,900 

1-0 

Textiles — 

Cotton 

116,300 

17,000 

286,900 

37,900 

488,100 

30 

Wool  and  Worsted... 

102,900 

6,900 

140,200 

16,800 

266,800 

30 

Other  Textiles 

124,400 

14,600 

159,000 

29,000 

327,000 

30 

Transport  (not  Docks 

or  Railways) 

255,700 

13,300 

28,400 

1,500 

298,900 

6-0 

Total  ... 

7,704,600 

628,300 

2,973,900 

455,900 

11,762,700 

... 
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REPORT  BY  THE  GOVERNMENT  ACTUARY  UPON  THE 
FINANCIAL  PROPOSALS  OF  THE  BILL. 

To  The  Rt.  Hon.  Christopher  Addison,  M.D.,  M.P.,  Chairman 
of  the  National  Health  Insurance  Joint  Committee. 

Government  Actuary's  Department, 
Wellington  House, 

Buckingham  Gate, 

London,  S.W.  1. 

Sir, 

In  compliance  with  your  request,  I  submit  the  following  Report 
explanatory  of  the  financial  provisions  of  the  National  Health 
Insurance  Bill,  1920. 

Benefits  and  Contributions. 

1.  Comparing  the  benefits  and  contributions  proposed  in  the 
Bill  with  the  existing  benefits  and  contributions,  the  increase  in  the 
case  of  each  item  is  set  out  in  the  following  table  : 


Men 

Women 

At 
present 

As 
proposed 

Increase 

At 
present 

As 
proposed 

Increase 

Benefits  : 

Sickness,  per  week  ... 

Disablement  

Maternity   

Annual    charge  upon 
Insurance  Funds 
towards  the  cost  of 
Medical  Benefit  ... 
Sanatorium  Benefit 

Weekly  contributionf  : 
Employer 
Insured  Person 

Total   

s.  d. 
10  0 

5  0 
30  0 

6  6 
0  9 

s.  d. 
15  0 
7  6 
40  0 

9  6 
Nil 

s.  d. 
5  0 

2  6 
10  0 

3  0 
* 

s.  d. 
7  6 

5  0 
30  0 

6  6 
0  9 

8.  d. 

12  0 
7  6 
40  0 

9  6 
Nil 

s.  d. 
4  6 

2  6 
10  0 

3  0 
* 

0  3 
0  4 

0  5 
0  5 

0  2 
0  1 

0  3 
0  3 

0  5 
0  4 

0  2 
0  1 

0  7 

0  10 

0  3 

0  6 

0  9 

0  3 

*  The  withdrawal  of  the  sanatorium  benefit  from  the  Act  is  equivalent  to 
the  reduction  of  liabilities  by  9d.  per  annum  for  each  insured  person, 
f  See  paragraph  11  (a)  as  to  the  reduction  of  these  rates  in  Ireland. 


2.  It  is  also  proposed  to  increase  the  yearly  allowances  to  insur- 
ance committees  from  3d.  to  id.  per  insured  person,    and  with 
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reference  to  the  administration  expenses  of  approved  societies,  I  am 
informed  that  an  amendment  of  the  Eegulations  under  section  35  of 
the  Act  of  1911  is  intended,  and  that  the  normal  allowance  for  this 
purpose  will  be  increased,  as  from  1st  January  1920,  from  3s.  5d.  a 
year  to  4s.  5d.  The  additional  contributions  for  which  the  Bill 
provides  have  regard  to  the  liability  in  respect  of  these  increases. 

The  Kelative  Values  of  Benefits  and  Contributions. 

3.  The  Bill  provides  for  a  State  contribution  of  two-ninths  of 
the  cost  of  benefits  (including  the  expenses  of  administration  of 
approved  societies  and  insurance  committees),  and  seven-ninths  of 
the  expenditure  therefore  falls  to  be  provided  from  the  contributions 
of  insured  persons  and  their  employers.  The  values  of  the  liabilities 
and  of  the  contributions  applicable  thereto  have  been  actuarially 
calculated,  in  respect  of  persons  entering  into  insurance  at  the  age  of 
16,  on  the  basis  prescribed  for  the  valuations  of  approved  societies  by 
the  National  Health  Insurance  (Valuation)  Eegulations,  1919 
(S.  R.  &  0.  1919,  No.  1119),  and  the  contribution  appropriate  to  each 
item  of  the  liabilities  is  found  to  be  as  follows  : 


Men 

Women 

Weekly  Contribution  for  £  Benefits  : 

d. 

d. 

Sickness  Benefit  

3-02 

2-68 

Disablement  Benefit 

111 

•92 

Maternity  Benefit ... 

•68 

•49 

Medical  Benefit 

1-92 

201 

Expenses  of  Administration 

•94 

•98 

Total   

7fd.=7-67 

7TVZ.  =  7-08 

The  contributions  payable  in  respect  of  women  provide  for 
insurance  until  marriage  in  the  case  of  all  women,  for  the  continuance 
of  insurance  in  the  case  of  those  women  who  remain  in  employment 
after  marriage,  and  for  special  benefits  (section  22  of  the  National 
Health  Insurance  Act,  1918,  as  extended  by  the  Bill*)  to  which 
women  who  give  up  employment  on  marriage  are  entitled  for  a 
limited  period  after  the  payment  of  contributions  in  respect  of  their 
insurance  has  ceased. 

4.  By  section  55  of  the  Act  of  1911,  as  amended  by  section  1  (1) 
of  the  Act  of  1918,  the  Insurance  Commissioners  were  required  to 
retain  from  each  contribution  l%d.  in  the  case  of  a  man  and  l^d. 
in  the  case  of  a  woman,  for  the  redemption  of  reserve  values,  and  by 
section  1  (2)  of  the  Act  of  1918  it  was  provided  that  from  these 

*  The  weekly  rate  of  sickness  benefit  payable  in  these  cases  is  increased  by 
the  Bill  from  5s.  to  7<s.  6d.  ;  maternity  benefit  is  similarly  increased  from  30s. 
to  40s. 
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amounts  there  should  be  carried,  in  assigned  proportions,  ±d.  in  the 
case  of  a  man,  and  |c?.  in  the  case  of  a  woman  to  the  Contingencies 
Funds  of  societies  and  the  Central  Fund  created  by  that  Act.  Under 
the  altered  conditions  set  up  by  the  Bill  it  is  necessary  to  provide 
larger  contributions  for  these  funds  and  also  for  the  redemption  of 
reserve  values,  the  increase  corresponding  approximately,  in  each 
case,  with  the  addition  made  to  the  money  benefits.  The  Bill 
accordingly  provides  that  the  retained  sums  shall  be  increased 
respectively  from  l^d.  to  2\d.  and  from  \\d.  to  \\ld.  The  appor- 
tionment of  the  full  contribution  of  10(7.  (men)  and  9d.  (women)  is 
thus  as  follows  : 


Men 

Women 

To  Benefit  Fund  (including  administration) 
„  Contingencies  Fund  and  Central  Fund 
„  Redemption  of  Reserve  Values... 

d. 

f 

n 

d. 

7  i 

i 

Total  

IQd. 

9d. 

It  is  to  be  observed  in  respect  of  these  contributions  that,  taking 
the  insured  population  as  a  whole,  they  contain  no  margin  other  than 
that  provided  by  the  Contingencies  Funds,  the  purpose  of  which  is 
to  protect  the  Benefits  Funds  of  societies  against  the  consequences  of 
deficiency.  Any  addition  to  the  benefits  or  other  charges  on  the 
funds  of  approved  societies  in  excess  of  the  present  proposals  would 
therefore  require  a  corresponding  addition  to  the  income  of  the 
Insurance  Funds,  as  proposed  by  the  Bill,  or  a  corresponding 
modification  of  the  benefits  or  charges  in  other  directions. 

5.  The  contributions  shown  above  as  payable  to  the  Benefit 
Fund  (namely,  7fc?.  men,  7TV(7.  women)  provide,  as  stated,  for 
seven-ninths  of  the  normal  benefits  in  the  case  of  an  entrant  at  age  16, 
and  the  full  value  of  the  normal  benefits  to  which  such  a  person  is 
entitled  is  therefore,  as  nearly  as  possible,  lOd.  in  the  case  of  a  man 
and  9d.  in  the  case  of  a  woman.  The  normal  benefits  in  the  case  of  a 
person  entering  at  age  16  are  thus  of  equal  value  with  the  contri- 
butions, and  it  follows  that  the  State  grant  of  two-ninths  of  the 
benefits  counterbalances  the  charge  made  upon  new  entrants  in 
respect  of  both  the  Contingencies  Fund  and  the  redemption  of 
reserve  values.  But  since  seven-eighths,  at  least,  of  the  contributions 
paid  to  the  Contingencies  Fund  remains  with  societies  as  an  additional 
provision  for  expenditure  on  benefits,  to  be  applied  either  in  the  reduc- 
tion of  a  deficiency  which  otherwise  would  involve  a  diminution  of 
benefits  or,  if  not  required  for  this  purpose,  in  the  provision  of 
additional  benefits,  this  contribution,  with  the  accompanying  State 
grant,  must  be  regarded  as  available  for  the  persons  in  respect  of 
whom  it  is  paid.    Further,  in  the  case  of  women,  the  Act  of  1918 
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provides  for  a  special  State  grant  now  estimated  to  amount,  at  the 
maximum,  to  £280,000  per  annum  through  the  medium  of  the 
Women's  Equalization  Fund.  In  view  of  the  additions  to  be  made 
to  the  benefits,  it  is  proposed  by  the  Bill  to  increase  this  grant  by 
25  per-cent,  i.e.,  to  an  estimated  maximum  (on  existing  numbers)  of 
£350,000,  a  sum  which,  allowing  for  the  State  grant  of  two-ninths 
of  the  expenditure  to  which  it  is  related,  represents  an  effective 
grant  of  £450,000,  or  of  about  one  halfpenny  per  insured  woman  per 
week.  The  full  value  of  the  benefits  provided  to  an  entrant  of 
16  years  of  age,  apart  from  such  provision  as  may  be  made  by  the 
Central  Fund  in  cases  of  exceptional  deficiency  on  valuation,  is 
therefore  the  equivalent,  in  the  case  of  a  man,  of  I0'§d.  per  week, 
as  against  a  contribution  of  I0d.,  and  in  the  case  of  a  woman  of 
\0'\d.  as  against  a  contribution  of  9d. 

The  foregoing  figures  relate,  as  stated,  to  the  position  of  an 
entrant  at  age  16.  In  the  case  of  persons  at  present  in  insurance 
the  value  of  the  benefits  is  considerably  higher,  the  additional 
liability  being  provided  for  by  the  reserves  already  accumulated 
(including  with  these  the  reserve  values  credited  under  Section  55 
of  the  Act  of  1911)  and  by  the  new  reserve  values  to  be  credited 
after  the  passing  of  the  Bill  (see  paragraph  10  below). 

The  Number  of  Insured  Persons. 

6.  In  view  of  the  changes  in  the  industrial  population  due  to  the 
war  it  is  a  matter  of  some  difficulty  to  estimate  at  the  present  time 
the  number  of  persons  who  will  be  within  the  scope  of  the  National 
Health  Insurance  Acts  on  5  July  1920,  but  according  to  the  best 
calculation  of  which  the  case  admits  it  would  appear  that  the  number 
of  such  persons  will  be  15,850,000,  of  whom  10,850,000  will  be  men 
and  5,000,000  women.  The  distribution  of  these  numbers  between 
the  several  parts  of  the  United  Kingdom,  and  between  approved 
societies  and  the  class  of  deposit  contributors,  is  as  follows  : 


Country 

Men 

Women 

Approved 
Societies 

Deposit 
Contributors 

Approved 
Societies 

Deposit 
Contributors 

England  ... 

Scotland  

Ireland  

Wales   

8,300,000* 
1,130,000 
490,000 
630,000 

250,000 
30,000 
10,000 
10,000 

3,920,000 
530,000 
260,000 
140,000 

125,000 
15,000 
5,000 
5,000 

United  Kingdom 

10,550,000 

300,000 

4,850,000 

150,000 

*  Including  persons  entitled  to  benefits  out  of  the  Navy  and  Army  Insurance 
Fund. 
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Contributions  from  Employers  and  Insured  Persons. 

7.  The  estimated  amount  of  contributions  payable  under  the 
present  Acts  in  respect  of  the  number  of  insured  persons  above  shown 
is  £20.525.000  per  annum,  and  the  addition  of  3d.  per  week  in  the 
joint  contribution  of  employer  and  employee  (in  Ireland  2k/.) 
proposed  by  the  Bill  increases  this  sum  to  £29.750,000.  The 
apportionment  of  these  sums  between  the  several  parts  of  the  United 
Kingdom  and  between  employers  and  insured  persons  is  as  follows  : 


Contributions. 


At  present 

AS  PROPOSED 

Increase 

|  Country 

Employers 

Insured 
Persons 

Employers 

Insured 
Persons 

Employers 

Insured 
Persons 

England 
Scotland 
Ireland 
Wales 

£ 

7,388,000 
1,002,000 
373,000 
462,000 

£ 

9,082,000 
1,232,000 
397,000 
589,000 

£ 

12,314,000 
1,670,000 
596,000 
770,000 

£ 

11.545,000 
1,566,000 
546,000 
743,000 

£ 

4,926,000 
668,000 
223,000 
308,000 

£ 

2,463,000 
334,000 
149,000 
154,000 

United 
Kingdom 

9,225,000 

11,300,000 

15,350,000 

14,400,000 

6,125,000 

3,100,000 

Notes. — (1)  The  normal  division  of  the  contributions  is  varied  in  respect 
of  low- wage  earners,  the  employers  paving  more  and  the 
insured  persons  less,  with,  in  some  cases,  a  State  grant  of 
Id.  a  week.  In  the  absence  of  information  as  to  the  number 
of  persons  falling  within  this  category,  which  in  any  event 
must  in  present  circumstances  be  very  small,  no  account 
has  been  taken  of  this  provision  in  estimating  the  respective 
totals  of  contributions  payable. 

(2)  For  the  purpose  of  this  Table  the  number  of  contributors  is 

taken  as  350,000  fewer  than  the  number  of  insured  persons, 
this  difference  representing  persons  who,  having  left  insur- 
able employment,  remain  entitled  to  benefits  for  the  ensuing 
twelve  months.  Women  who  have  left  employment  on 
marriage  constitute  a  large  proportion  of  this  number. 

(3)  In  view  of  the  very  small  number  of  voluntary  contributors  it 

has  been  assumed  in  the  preparation  of  this  table  that  all 
insured  persons  are  employed  contributors. 


Expenditure  on  Benefits. 

8.  In  proceeding  to  estimate  the  present  expenditure  on  benefits 
for  which  the  Bill  provides,  certain  assumptions  have  been  made. 
These  are  as  follows  : 

(i)  That  the  present  distribution  of  the  membership  of  approved 
societies  with  reference  to  age  accords  with  the  distribution 
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obtained  by  tabulating  the  claims  made  by  societies  for 
Eeserve  Values  in  respect  of  entrants  into  insurance  in 
1912. 

[The  age  distribution  existing  at  31  December  1918 
will  be  ascertained  when  the  valuations  of  approved 
societies,  now  proceeding,  are  completed.  It  is  not  expected 
that  this  will  differ  sufficiently  from  the  figures  relating  to 
1912  to  affect  materially  such  an  estimate  as  is  here 
presented.] 

(ii)  That  the  claims  upon  approved  societies  in  each  part  of  the 

United  Kingdom  will  be  in  accordance  with  the  tables 
adopted  as  the  basis  of  valuation,  due  regard  being  had  to 
the  ages  of  insured  persons  in  each  such  part,  and,  in  the 
case  of  women,  to  the  relative  number  of  unmarried  and 
married  persons  and  to  the  additional  provision  made  for 
benefit  expenditure  out  of  the  Women's  Equalization  Fund. 

(iii)  That  the  claims  of  deposit  contributors  for  sickness,  dis- 

ablement and  maternity  benefits  will  be  in  accordance 
with  the  past  experience  in  respect  of  this  class. 

Subject  to  these  conditions  the  expenditure  in  the  year  beginning 
5  July  1920,  for  which  provision  is  made,  is  estimated  to  amount 
under  the  present  Acts,  to  £20,357,000,  and  under  the  provisions  of 
the  Bill  to  £28,653,000.  The  distribution  of  these  amounts  between 
several  the  parts  of  the  United  Kingdom  and  between  the  membership 
of  approved  societies  (distinguishing,  in  this  connection,  between  men 
and  women)  and  deposit  contributors  is  shown  in  the  statement 
given  on  page  9.  It  should  be  explained  that  the  figures  of  expen- 
diture given  in  this  paragraph  refer  only  to  payments  derived  from 
the  contributions  (with  the  reserve  values)  and  the  related  State 
grant.  The  additional  payments  made  by  the  Exchequer  by  way 
of  grants-in-aid  in  respect  of  medical  benefit  and  analogous  services, 
as  referred  to  in  paragraph  9  below,  are  not  included.  As  indicated 
in  paragraph  1  above,  it  is  proposed  by  the  Bill  that  the  expenditure 
on  medical  benefit  (apart  from  these  special  grants-in-aid),  for 
which  6s.  6d.  a  year  for  each  insured  person  was  provided  in  the 
finance  of  the  Act  of  1911,  should  be  statutorily  fixed  at  9s.  6d. 

Exchequer  Grants. 

9.  The  statement  given  on  page  10  shows  the  estimated  liabilities 
of  the  Exchequer  under  the  present  and  the  proposed  conditions,  in 
respect  of  the  first  complete  year  over  which  the  new  scale  of  benefits 
will  operate,  the  calculations  being  subject  to  the  assumptions 
named  in  paragraph  8  above. 

Under  the  Act  of  1911  the  State  proportion  of  benefits  (including 
expenses  of  administration)  is  fixed  at  two-ninths  in  the  case  of  men 
and  one-quarter  in  the  case  of  women.  A  uniform  grant,  in  future, 
of  two-ninths  (22*2  per-cent),  applicable  to  both  men  and  women,  is 
proposed  by  the  Bill  (see  paragraph  3  above),  and  in  the  case  of 
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women  the  effect  of  adding  the  Women's  Equalization  Fund,  which 
was  created  by  the  Act  of  1918  and  is  now  to  be  augmented,  will  be 
to  make  the  State  grant  26*5  per-cent  of  the  benefits. 

The  total  amount  of  the  charge  under  present  conditions  is 
£5,170,000,  and  under  the  new  conditions  proposed  by  the  Bill 
£6,942,000. 

These  sums  include  the  normal  State  grant  in  respect  of  medical 
benefit,  but  not  the  further  sums  in  respect  of  medical  benefit  which 
have  been  voted  as  grants-in-aid  under  the  authority  of  section  1  of 
the  Act  of  1913.  The  amount  of  these  grants  in  1919  was  about 
£3,100,000,  and  the  corresponding  charge  in  the  immediate  future 
will  depend  upon  the  issue  of  the  arbitration  between  the  Government 
and  the  medical  profession  now  pending. 

Separate  figures  are  given  for  the  State  grant  in  respect  of  each 
part  of  the  United  Kingdom,  save  in  regard  to  the  Women's 
Equalization  Fund  and  the  Central  Fund,  which  are  common  to  the 
whole  country  and  are  under  the  control  of  the  National  Health 
Insurance  Joint  Committee. 

Redemption  of  Reserve  Values. 

10.  To  meet  the  increase  of  liabilities  made  by  the  Bill  in  respect 
of  their  existing  members,  approved  societies  will  require  supple- 
mentary reserve  values  which,  it  is  estimated,  will  amount  in  all  to 
about  £45,000,000.  At  5  July  1920,  the  date  at  which  it  is  proposed 
to  bring  the  amending  Act  into  operation,  the  existing  reserve 
values  then  unredeemed  will  amount  to  about  £65,000,000.  The 
total  sum  to  be  redeemed  will  thus  be  about  £110,000,000,  and  it  is 
estimated  that  the  weekly  contributions  proposed  to  be  applied  to 
the  Sinking  Fund  (namely,  If  d.  men,  lT%d.  women)  will  produce  a 
sufficient  income  to  complete  the  redemption  in  about  35  years. 
The  aggregate  income  available  for  this  purpose  in  the  first  complete 
year  under  the  new  conditions  will  amount  to  about  £4,800,000,  of 
which  £3,300,000  will  be  required  for  interest,  leaving  £1,500,000  to 
be  applied  towards  the  reduction  of  the  outstanding  liability. 

In  this  connection  it  should  be  observed  that  the  redemption 
period  is  dependent  to  some  extent  upon  the  purposes  to  which  any 
surplus  accumulating  in  the  Reserve  Suspense  Fund  set  up  under 
section  15  of  the  National  Health  Insurance  Act,  1918,  may  be 
applied.  If  surplus  balances  in  this  Fund  are  appropriated  to  the 
redemption  of  reserve  values  which,  having  regard  to  the  constitution 
of  the  Fund,  would  appear  to  be  their  proper  use,  the  period  of  the 
Sinking  Fund  may  be  materially  shortened. 

Miscellaneous  Questions. 

11.  The  changes  made  in  the  Bill  in  respect  of  the  following 
classes  require  only  brief  explanation  : 

(a)  Persons  resident  in  Ireland. — Medical  benefit  is  not  provided 
in  Ireland,  but  the  Bill  provides  for  the  retention  of  sanatorium 
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benefit  in  that  country.  Setting  off  the  annual  charge  for  this 
benefit,  namely,  Is.  3d.  per  insured  person  (including  domiciliary 
treatment),  against  the  relief  of  liability  in  respect  of  medical  benefit, 
there  is  a  net  annual  saving  of  85.  3d.  per  insured  person,  which 
allows  of  a  reduction  of  contributions  by  2d.  a  week.  The  appro- 
priate rate  of  contribution  in  Ireland  is  accordingly  8d.  for  a  man,  or 
7d.  for  a  woman,  and  the  Bill  provides  for  the  payment  of  these 
amounts,  the  contributions  of  employer  and  employee  being  respec- 
tively 1^.  a  week  less  than  in  the  other  parts  of  the  United  Kingdom. 

(b)  Insured  Persons  serving  in  H.M.  Forces. — While  an  insured 
person  is  serving  with  the  colours,  contributions  are  required  in 
respect  of  him  firstly  to  provide  for  the  cost  of  maternity  benefit 
and  his  share  of  his  society's  expenses  of  administration  while  he  is 
serving,  and  secondly  to  build  up  a  reserve  of  such  an  amount  as  to 
secure  that  when  he  resumes  full  insurance  on  discharge,  his  society 
will  be  able  to  meet  its  liabilities  to  him  without  incurring  loss. 
The  present  rate  of  contribution  in  respect  of  serving  men  is  3d.  a 
week,  but,  having  regard  to  the  increased  benefits  conferred  under  the 
Bill,  it  is  found  to  be  necessary  to  increase  the  contribution  to  4Jd. 
a  week.  The  Bill  provides  that  no  part  of  this  contribution  shall  be 
deducted  from  the  man's  pay. 

(c)  Seamen  employed  on  Foreign-going  Ships. — The  Act  of  1911 
makes  special  provision,  rendered  necessary  by  the  circumstances 
of  the  employment,  as  to  the  contributions  and  benefits  of  certain 
classes  of  the  mercantile  marine.  Under  conditions  defined  by 
section  48  of  the  Act,  as  amended  in  subsequent  statutes,  the  right 
to  sickness,  disablement  and  medical  benefits  is  limited,  broadly,  by 
the  period  during  which  the  insured  person  is  resident  in  the  United 
Kingdom,  and  while  fewer  than  the  normal  contributions  are 
required  to  be  paid  to  maintain  full  benefits  the  rate  of  contribution 
is  also  reduced  by  Id.  a  week.  It  is  found  that  under  the  proposed 
new  conditions  this  reduction  should  be  2d.  a  week,  and  provision  is 
made  by  the  Bill  to  this  effect. 

I  am,  Sir, 

Your  obedient  Servant, 

(Signed)   ALFKED  W.WATSON. 

1  March  1920. 

[Statements  of  estimated  Expenditure  on  Benefits  and  of  Exchequer  Grants. 
See  pp.  89  and  90.] 
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LEGAL  NOTES. 
By  William  Charles  Shaeman,  F.I. A.,  Barrister-at-Law. 

presumption  The  case  of  Greig  v.  The  Trustees  of  the  Widows' 
or  death.         F(ind  of  the  Company  0f  Merc]iants  0f  the  City  of 

Edinburgh,  reported  (1919)  W.C.  and  Ins.  Rep.  170,  was  an 
action  by  Mrs.  Agnes  Douglas  or  Greig  against  the  trustees 
of  the  Widows'  Fund  of  the  Company  of  Merchants  of  the 
City  of  Edinburgh  (1)  for  declarator  that  her  husband,  David 
Greig,  Junior,  a  contributor  to  the  defenders'  Widows'  Fund, 
must  be  presumed  to  have  died  prior  to  31  December  1900, 
and  that  the  pursuer,  as  his  widow,  was  entitled  to  an  annuity 
of  £40  out  of  the  said  fund,  and  (2)  for  decree  ordaining  the 
defenders  to  make  payment  to  the  pursuer  of  the  annuity  of 
£40  as  from  Whitsunday  1901. 

The  facts  are  briefly  as  follows  :  The  pursuer's  husband 
was  .born  in  1857,  and  the  marriage  took  place  in  1879.  The 
marriage  proved  unhappy,  and  in  1896  the  pursuer  obtained 
a  decree  of  judicial  separation  from  her  husband  on  account 
of  his  cruelty,  and  a  decree  for  payment  of  aliment.  Fie  was 
never  able  to  make  any  payment  to  the  pursuer  under  the 
said  last  mentioned  decree  either  for  aliment  or  for  expenses. 
He  left  Edinburgh  shortly  after  the  decree  and  lived  a  vagrant 
life,  and  was  never  heard  of  after  1900.  The  pursuer  believed 
and  averred  that  he  was  dead  and  that  he  probably  died 
about  the  year  1 900  as  a  pauper  without  his  identity  having 
been  known  or  discovered.  The  register  of  deaths  had  been 
searched  for  the  years  from  1896  to  1914  in  Scotland,  and 
from  1898  to  1917  in  England  and  Wales,  but  no  entry  was 
found  relating*  to  the  pursuer's  husband.  The  defenders 
pleaded  that  the  pursuer's  averments  were  irrelevant  and 
insufficient  to  support  the  summons,  which  should  be  dismissed, 
and  that  the  presumption  of  life  at  common  law  had  not  been 
displaced. 

The  Lord  Ordinary  (Blackburn)  in  dismissing  the  action, 
said  :  "  Had  this  been  an  application  under  the  Presumption 
"  of  Life  Limitation  (Scotland)  Act,  1891,  the  mere 
"  disappearance  of  the  pursuer's  husband  for  18  years  would 
u  have  entitled  the  Court  to  presume  that  he  had  died  at  least 
"  as  far  back  as  the  year  1907.  But  this  case  appears  to  be 
"  one  of  those  which  are  expressly  excluded  from  the 
"  provisions  of  the  Act  by  the  terms  of  Section  11  thereof, 
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"  which  provides  that  anyone  claiming  under  a  policy  of 
"  assurance  on  the  life  of  a  person  who  has  disappeared  must 
u  in  a  question  with  the  insurers  prove  the  death  of  the  person 
"  who  is  insured  in  the  same  manner  as  if  the  Act  had  not 
"  been  passed.  Be  that  as  it  may,  the  question  in  this  case  is 
"  raised  in  a  common  law  action,  and  the  presumption  at 
"  common  law  is  that  a  person  who  has  disappeared  is 
"  presumed  to  continue  in  life  until  he  would  have  reached 
"  the  ordinary  limit  of  human  age,  unless  sufficient  evidence 
"  is  adduced  to  raise  a  presumption  that  he  has  died  within 
"  that  period.  It  is  not  sufficient  to  prove  that  the  person 
"  disappeared  at  a  certain  date,  and  that  there  is  a  '  general 
"  probability '  that  he  is  dead,  but  his  disappearance  must  be 
"  associated  with  some  particular  incident  which  might  involve 
"  a  more  than  ordinary  risk  to  life,  and  which  coupled  with 
"  unaccountable  silence  on  his  part  since  the  date  of  the 
"  incident,  raises  a  presumption  that  he  died  on  or  about  that 
"  date.  .  .  .  The  pursuer's  averments  amount  to  nothing 
"  more  than  a  statement  that  her  husband  has  disappeared, 
"  coupled  with  a  '  general  probability  3  that  he  is  dead.  I  do 
"  not  think  that  they  are  strengthened  by  the  somewhat  vague 
"  averment  that  her  husband's  friends  and  relations  are 
"  satisfied  that  he  is  dead.  It  appears  to  me  that  these 
"  averments  fall  far  short  of  what  is  requisite  to  elide  the 
"  common  law  presumption,  and  that  something  more  specific 
"  is  required  to  enable  the  Court  to  presume  that  he  is  dead. 
"  The  pursuer's  inference  that  her  husband  has  probably  died 
"  as  an  unidentified  pauper  appears  to  me  to  be  less  plausible 
"  than  the  suggestion  of  the  defenders,  that  he  had  good 
"  reasons  for  concealing  himself  from  his  wife  when  he  found 
"  that  he  could  get  nothing  more  out  of  heF.  Ifc  is  not 
"  impossible  that  he  may  have  married  again,  which  would 
"  provide  the  best  of  reasons  for  concealing  himself  from  her 
"  and  his  former  friends  and  associates.  Under  these 
"  circumstances  it  appears  to  me  useless  to  allow  the  pursuer 
"  a  proof  on  the  record  as  it  stands." 


The  case  of  Turton  v.  O'Brien,  7  Tax  Cases  170, 

Amount  paid  in-i-i         ■ ,  -i  i    •         p  -i  -i  n         j  r  n 

commutation  of  deals  with  a  claim  lor  allowance  tor  Income  lax 

future  premiums  .  .  , 

asi^eduStfon   PurPoses  m  respect  ol  a  lump  sum  paid  m  corn- 
purpose™0  Tax   mutation    of    a    portion    of    the    future  annual 
premiums  payable  under  a  policy  of  life  assurance. 
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The  case  was  stated  by  the  Commissioners  for  the  general 
purposes  of  the  Income  Tax  Acts  for  the  opinion  of  the  High 
Court,  and  the  facts  are  as  follows  : 

The  appellant  had  effected  an  insurance  in  1896  with  the 
Clergy  Mutual  Assurance  Society  for  an  annual  premium  of 
£19.  7s.  6cZ.  Certain  bonuses  were  applied  in  reduction  of 
the  Dremium  with  the  result  that  in  1917  it  stood  at 
£13.  105.  lOd.  On  28  November  1917  the  Society  offered  to 
commute  that  annual  premium  and  all  future  annual  premiums 
for  four  annual  payments  of  £33.  16s.  7d.  each.  The 
appellant  did  not  accept  this  offer,  but  on  4  January  1918  it 
was  arranged  that  he  should  pay  to  the  Society  the  sum  of 
£31.  5s.  \0d.,  namely,  the  sum  of  £20  as  a  commutation 
payment  in  lieu  of  £2.  5s.,  part  of  the  annual  premium  of 
£13.  10s.  10c?.,  as  from  1  December  1917,  and  the  sum  of 
£11.  bs.  10d.,  being  the  reduced  annual  premium  payable  on 
1  December  1917  in  respect  of  the  said  policy. 

The  appellant  contended  that  under  Section  54  of  the 
Income  Tax  Act,  1853,  and  Section  17  (1)  of  the  Finance  Act, 
1915,  interpreted,  as  he  submitted,  by  the  decided  case  of 
Hunter  v.  The  King  (1904)  A.C.161,  5  Tax  Cases  13,  he  was 
entitled  to  allowance  on  any  sum  which  in  any  year  he  had 
actually  paid  out  of  his  own  pocket  to  the  Insurance  Company, 
whether  termed  premium  for  that  year  or  by  whatever  other 
name  designated,  so  long  as  it  did  not  in  each  year  exceed 
one-sixth  of  his  net  income  and  since  1915,  seven  per-cent  of 
the  sum  assured,  and  that  if  he  paid  more  one  year  he 
naturally  paid  less  the  next. 

The  respondent,  on  behalf  of  the  Crown,  contended  (inter 
alia)  that  the  words  "  annual  premium  paid"  or  "the  annual 
sum  paid  "  under  Section  54  of  the  Income  Tax  Act,  1853, 
were  not  altered  by  the  words  used  in  Section  17  (1)  of  the 
Finance  Act,  1915,  and  that  the  latter  Act  limited  the 
allowance  granted  under  the  Act  of  1853,  and  that  the 
appellant  was  entitled  only  to  allowance  of  the  amount  paid 
as  annual  premium. 

The  Commissioners  decided  to  refuse  the  claim  for 
allowance  of  the  payment  of  £31.  5s.  10d.,  but  allowed 
£13.  10s.  10c?.,  being  £11.  5*.  lOd.  reduced  premium  and  the 
£2.  5s.,  the  part  of  the  previous  premium  commuted. 

Rowlatt,  J.,  in  giving  judgment  in  favour  of  the  Inland 
Eevenue,  said  :  "  The  case  turns  upon  Section  54  of  the  Act 
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"  of  1853,  and  that  says  that  premiums  on  policies,  and 
"  annual  sums  paid  or  deducted  to  secure  deferred 
"  annuities  and  so  on,  shall  be  deductible  for  Income  Tax 

"  purposes  The  point  of  the  whole  thing  is  that 

"  it  must  be  a  payment  of  an  annual  character,  because  the 
"  whole  basis  of  the  commercial  transaction  which  this  Act  is 
"  contemplating  is  that  there  should  be  a  payment  of  an 
"  annual  character.  The  position  is  that  a  man  has  an 
"  uncertain  time  to  live,  but  that  the  probability  of  his  life 
"  can  be  estimated  if  you  take  a  sufficient  number  of  cases. 
"  Therefore  it  becomes  commercially  possible  to  agree 
"  future  benefits  in  respect  of  a  series  of  payments  which  need 
"  not  be  the  same  every  year,  in  amount,  but  it  must 
"  essentially  be  a  scheme  of  payments  to  be  spread  over  a 
"  certain  number  of  years,  because  the  probability  of  those 
"  years  being  lived  out  or  not  is  only  one  of  the  elements 
"  which  go  to  the  calculation  of  the  amount.  Now  Section  17 
"  of  the  Finance  Act,  1915,  says:  '  in  respect  of  any  premiums 
"  or  other  payments  payable  on  a  policy  for  securing  a  capital 
"  sum  on  death/  This  Section  does  not  add  a  new  payment 
"  to  the  category  in  Section  54  of  the  Act  of  1853,  but  it  is 
"  dealing  only  with  payments  which,  apart  from  this  Act  of 
"  1915,  would  be  within  that  Section  54.  Therefore  it  is  only 
"  dealing  with  payments  which  are  annual  payments  upon  the 
"  actuarial  basis,  an  actuarial  basis  such  as  I  have  been 
"  endeavouring  to  describe.  If  the  payment  is  a  commutation 
"  payment  and  therefore  is  nothing  in  the  nature  of  an  annual 
"  premium  or  payment — not  an  insurance  payment  at  all,  but 
u  a  commutation  in  order  to  bring  the  insurance  adventure  to 
"  an  end  so  far  as  the  liability  of  the  assured  is  concerned — 
"  then  it  is  not  a  payment  to  which  this  new  section  has  any 
"  relation  at  all.  I  have  no  alternative  but  to  dismiss  the 
((  appeal  with  costs." 


The  conditions  in  a  policy  of  life  assurance  govern- 
JSmh^sare     ing  the  payment  of  premiums  were  considered  in 

due  on  specified     1 ,  „ 

dates  or  at  end    the   case    or   McKenna  v.  City    Life  Assurance 

of  days  of  grace.  J  J 

Company.    The  case  is  reported  (1919)  K.B.  491. 
The  facts  are  as  follows :   A  policy  of  life  assurance 
provided  that  the  premiums  were  to  be  "  payable  on  or  before 
the  last  day  of  January,  April,  July  and  October"  in  each 
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year.  By  the  conditions  attached  it  was  provided  that 
"  Thirty  days  of  grace  without  liability  to  fine  are  allowed 
"  for  the  payment  of  each  renewal  premium  and  that  "  any 
"  policy  which  has  acquired  a  surrender  value  will  not 
"  immediately  lapse  if  a  renewal  premium  be  not  paid  within 
"  the  days  of  grace,  but  will  be  kept  in  force  for  twelve 
u  calendar  months  from  the  date  upon  which  the  last  premium 
"  became  due",  subject  to  payment  of  the  arrear  premiums 
and  interest  within  that  period.    The  premium  payable  on 

30  April  1915  was  paid.  At  that  date  the  policy  had 
acquired    a    surrender    value.     The  premium   payable  on 

31  July  1915,  and  all  subsequent  premiums  were  unpaid. 
On  7  August  1916  the  plaintiff,  who  was  assignee  of  the 
policy,  with  the  object  of  keeping  the  policy  on  foot,  offered 
to  pay  to  the  insurers  the  premiums  then  in  arrear,  contending 
that  the  twelve  months  mentioned  in  the  conditions  ran  from 
the  last  of  the  days  of  grace,  but  the  insurers  refused  to 
accept  the  premiums. 

Scrutton,  L.J..  held  that  the  last  premium  "  became  due  " 
on  the  date  specified  in  the  policy  as  that  on  or  before  which 
it  was  payable — namely,  31  July  1915  :  that  the  offer  on 
7  August  1916  to  pay  the  premiums  in  arrear  was  consequently 
too  late,  and  that  the  policy  had  lapsed. 


In  the  case  of  Borer  v.  South  African  Breweries, 
£B&t?shSandect  Limited,  recently  reported  in  these  Xotes,  J. LA., 

Colonial  * 

income  Tax,  Vol.  li.  p.  272.  Asibury3  J.,  held  that  t.  company 
deduction  from    which    has    paid    British    income    tax   and  also 

dividend  L 

sL^esference  Colonial  income  tax,  and  has  obtained  from  the 
British  authorities  repayment  of  the  Colonial 
income  tax  can  only  deduct  from  the  dividend  due  to  the 
preference  shareholders  the  amount  of  British  tax  less  the 
Colonial  tax  recovered. 

The  same  point  came  before  the  Second  Division  of  the 
Court  of  Session  (Scotland)  and  the  three  Lords  Justices  held 
that  in  paying  the  dividend  on  the  preference  shares  the 
company  was  entitled  to  deduct  the  full  amount  of  the  British 
income  tax,  and  was  not  bound  to  take  into  account  the 
repayment  it  had  received  in  respect  of  the  Colonial  income 
tax  which  it  had  paid. 

The  case  is  Xew  Zealand  and  Australian  Land  Company, 
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Limited,  v.  Scottish  Union  and  National  Insurance  Company, 
reported  57  S.L.R.  15.    This  was  a  special  case  to  determine 
the  amount  of  income  tax  deductible  by  the  Land  Company 
from  a  dividend  of  4  per-cent  on  preference  shares  held 
by  the  Insurance  Company  in  the  Land  Company's  under- 
taking.   The  Land  Company  having  paid  United  Kingdom 
income  tax  for  the  year  in  question  at  the  rate  of  5s.  per  £1 
on  its  profits  satisfied  the  Special  Commissioners  that  Colonial 
income  tax  at  the  rate  of  at  least  Is.  6d.  per  £1  had  been 
paid  in  respect  of  part  of  the  income  earned  in  the  Colonies. 
Accordingly  in  terms  of  section  43  of  the  Finance  Act,  1916, 
they  had  claimed  repayment,  in  respect  of  the  profits  earned 
in  the  Colonies,  of  part  of  the  United  Kingdom  income  tax 
equal  to  the  difference  between  the  amount  so  paid,  namely, 
5s.  per  £1,  and  the  amount  it  would  have  paid  if  the  United 
Kingdom  income  tax  had  been  charged  at  the  rate  of  3s.  6d. 
per  £1,  i.e.,  a  difference  of  Is.  6d.  per  £1.    The  Commissioners 
of  Inland  Revenue  admitted  the  claim  aod  repaid  the  sum  of 
£28;435.  17s.  6d.    The  profits  earned  by  the  Land  Company 
for  the  year  in  question  were  more  than  sufficient  to  pay  the 
dividend  of  4  per-cent  to  the  preference  stockholders  without 
taking  into  account  the  said  repayment.    For  the  same  year 
the  Land  Company  paid    to    its  ordinary  stockholders  a 
dividend  of  10  per-cent  per  annum  and  a  bonus  of  5  per-cent 
free  of  income  tax. 

The  Lord  Justice  Clerk  said  :  "  The  fact  that  the  Colonial 
"  Government  had  exacted  at  least  Is.  6d.  per  £1  of  income 
"  tax  from  the  Company's  profits  earned  in  the  Colonies  did 
"  not  in  any  way  affect  the  preference  shareholders'  right  to 
"  a  dividend  of  4  per-cent.  They  were  entitled  to  be  paid 
"  their  full  4  per-cent,  subject  always  to  the  British  income 
"  tax,  altogether  irrespective  of  what  had  been  paid  in  the 
"  Colonies  as  Colonial  income  tax.  They  had  been  so  paid. 
"  I  cannot  see,  therefore,  how  the  Insurance  Company  can  be 
"  said  to  have  paid  in  any  way  anything  by  way  of,  or  in 
"  respect  of,  Colonial  income  tax.  But  the  Land  Company 
"  were  not  entitled  to  pay  a  dividend  of  4  per-cent  plus  the 
"  whole  or  any  part  of  the  5s.  income  tax  chargeable  and 
"  charged  in  Great  Britain.  If  the  Company  were  to  pay 
"  4  per-cent,  less  income  tax  at  the  rate  of  3s.  6tZ.  per  £,  they 
"  would  in  my  opinion  be  paying  a  larger  dividend  than  4  per- 
"  cent,  and  so  contravening  the  company's  articles  of  associa- 
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"  tion.  The  Insurance  Company  were,  in  my  opinion,  not  within 
"  the  class  the  hardships  on  whom  section  43  was  intended 
"  to  alleviate  in  respect  that  they  did  not  pay  donble  income 
"  tax.  It  seems  to  me  that  the  contention  of  the  Insurance 
Company  would  result  in  this,  that  at  any  rate  as  between 
"  them  and  the  company  of  which  they  are  stockholders  they 
"  are  to  be  dealt  with,  so  far  as  payment  of  dividend  is 
"  concerned,  as  only  liable  to  pay  income  tax  at  the  rate  of 
"  3s.  6d.  per  £1.    In  my  opinion  there  is  not  sufficient  warrant 

"  in  the  statute  to  support  this  view  It  may  be 

"  that  other  considerations  would  have  to  be  dealt  with  if  the 
"  Insurance  Company  had  not  received  their  4  per  cent,  for 
"  the  year  in  question.  But  on  the  facts  of  this  case  that 
£c  point  does  not  arise/' 

Lord  Dundas  in  assenting  said  "  I  am  of  course 

*''  aware  that  we  are  differing'  from,  and  in  effect  overruling, 
"  the  decision  of  Astbury,  J.,  in  the  case  of  Rover  v.  South 
"  African  Breiceries.  The  point  at  which  I  am  constrained 
"  to  dissent  from  the  carefully  reasoned  opinion  of  that 
"  learned  Judge  seems  to  arise  at  the  conclusion  of  the  first 
"  paragraph  thereof,  where  his  Lordship  says  that  '  although 
"  '  the  words  of  the  section  ;  (54  of  the  Act  of  1842)  '  refer  to 
"  'the  allowance  of  duty  charged,  it  clearly,  in  my  judgment, 
"  f  means  charged  in  the  sense  of  paid  or  payable/  The 
"  point  lies  at  the  very  root  of  the  judgment  in  Hover's  case 
"  and  in  this  case.  I  have  endeavoured  to  demonstrate  from 
"  the  statutory  words  used  that  the  duty  '  charged '  upon  the 
"  first  parties  is  bs.  and  no  lesser  rate." 


Section  1  (1)  (6)  of  the  Courts  (Emergency  Powers) 
?E0mSency      Act,  1914,  provides  as  follows :  "  Xo  person  shall 

Powers)  Act.  r 

EST??  ioiicy  "  enforce  the  lapse  of  any  policy  of 


of  insurance. 


"  insurance  to  which  this  sub-section  applies,  for 
"  the  purpose  of  enforcing  the  payment  or  recovery  of  any 
"  such  sum  of  money,  except  after  such  application  to  such 
"  Court  and  such  notice,  as  may  be  provided  for  by  rules  or 
"  directions  under  this  Act/' 

This  sub-section  applies  to  life  or  endowment  policies  for 
an  amount  not  exceeding  £25,  or  payments  ecpiivalent  thereto, 
the  premiums  in  respect  of  which  are  payable  at  not  longer 
than  monthly  intervals,  and  have  been  paid  for  at  least  the 

VOL.   Ill  H 
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two  years  preceding  4  August  1914.  It  has  been  considered 
and  acted  upon  that  this  provision  operated  to  prevent  an 
assurance  company  from  lapsing  a  policy  to  which  the 
sub-section  applies  while  the  Act  remains  in  force,  notwith- 
standing that  payment  of  premium  has  ceased.  The  Divisional 
Court  in  a  recent  decision,  however,  refused  to  accept  this 
view  and  held  that  the  setting  up  of  the  defence  that  the 
policy  had  lapsed  owing  to  a  failure  to  pay  the  premiums  was 
not  an  attempt  to  "  enforce  the  lapse  33  of  a  policy  within  the 
meaning  of  Section  1,  sub-section  1  [b)  of  the  Act  of  1914. 

The  case  is  Barker  v.  Phillips  &  Others,  and  is  reported 
122  L.T.R.  123.     The  facts  of  the  case  are  as  follows  :  On 

I  July  1912,  William  Barker  became  a  member  of  the 
defendant  lodge,  and  on  the  same  date  took  out  with  the 
lodge  a  policy  of  life  assurance  for  the  sum  of  £10,  the 
premiums  on  which  were  paid  up  to  7  January  1918,  after 
which  date  no  premiums  were  paid.  The  said  William  Barker 
died  on  11  November  1918  while  on  active  service  in  Egypt, 
but  the  lodge,  although  requested  so  to  do  refused  to  pay 
over  the  policy  moneys  to  the  plaintiff,  the  widow  and 
administratrix  of  the  said  William  Barker.  On  11  January 
1919  the  lodge  was  requested  in  writing  by  the  plaintiff  to 
submit  the  matter  to  Arbitration  in  accordance  with  the  rules 
of  the  lodge,  and  on  25  January  1919  both  the  lodge  and  the 
Central  Body  of  the  Order  declined  to  entertain  the  plaintiff's 
claim.  No  application  under  the  Courts  (Emergency  Powers) 
Acts  1914-1917  was  made  by  the  lodge  to  the  Court,  and  the 
plaintiff  claimed  the  £10  insured,  less  9s.  3d.  due  from  the 
deceased  for  arrears  of  premiums  between  7  January  1918  and 

II  November  1918. 

The  County  Court  Judge  before  whom  the  case  came  in 
the  first  instance  held  that  the  provisions  of  the  Emergency 
Acts  had  not  been  complied  with  and  gave  judgment  for  the 
plaintiff  for  the  balance  of  £9.  10s.  9d.  The  defendants 
obtained  leave  to  appeal,  and.  on  28  October  1918  the  matter 
was  brought  before  Lush  and  Sankey,  JJ.,  sitting  as  a 
Divisional  Court.    The  grounds  of  appeal  were  : 

(1)  That  the  learned  judge  was  wrong  in  law  in  deciding 

that  the  defendants  were  enforcing  the  lapse  of  any 
policy  of  insurance  to  which  the  Courts  (Emergency 
Powers)  Acts,  1914-1917,  applied. 

(2)  That  the  learned  judge  misdirected  himself  in  holding 
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that  any  notice  was  necessary  before  the  suspension 
of  the  said  William  Barker  from  funeral  benefits 
under  Rule  11  of  the  lodge  became  effective. 
(3)  That  no  application  was  necessary  under  the  Courts 
(Emergency  Powers)  Acts,  1914-1917,  before  the  said 
suspension  from  funeral  benefits  became  effective  as 
a  defence  to  any  claim  in  respect  thereof. 
In  giving  judgment  Lush,  J.,  said :  "  In  this  case  the 
"  administratrix  of  one  W.  Barker  sued  the  defendants  to 
"  recover  the  sum  of  £10  said  to  be  due  under  a  policy  of 
t(  assurance,  less  the  sum  of  9s.  Sd.  for  which  the  plaintiff 
Ci  gave  credit,  for  arrears  of  premiums.  The  defendants  set 
"  up  the  defence  that  they  did  not  owe  this  or  any  other  sum 
"  to  the  plaintiff,  because  by  the  terms  of  contract  with  the 
e£  deceased  the  policy  moneys  were  not  to  be  pa}rable  if  the 
"  premiums  were  in  arrears  for  more  than  twenty-six  weeks, 
"  and  they  were  so  in  arrear.  So  far  as  the  contract  is 
w  concerned  it  is  plain  that  the  defendants  were  not  indebted, 
"  and  it  is  conceded  that  the  contract  was  at  an  end.  But 
"  it  is  contended  that  by  the  provisions  of  the  Courts 
u  (Emergency  Powers)  Acts,  1914-1917,  the  defendants  are 
"  debarred  from  setting  up  this  defence  that  they  are  not 
"  indebted  to  the  plaintiff.  ...  I  will  first  of  all  deal  with 
"  the  question  what  is  the  true  construction  of  the  Courts 
"  (Emergency  Powers)  Act  of  1914  and  of  the  amending  Act 
"  of  1916,  and  see  whether  the  provisions  of  these  Acts  apply 
"  to  a  case  of  this  nature.  .  .  .  Turning  then  to  Section 
"  1(1)6  of  the  Act  of  1914,  we  find  it  provides  as  follows: 
"  '  No  person  shall  .  .  .  levy  any  distress,  take,  resume  or 
"  '  enter  into  possession  of  any  property,  exercise  any  right 
"  fof  re-entry,  foreclose,  realize  any  security  .  .  .  forfeit  any 
"  '  deposit,  or  enforce  the  lapse  of  any  policy  of  insurance  to 
"  '  which  this  sub-section  applies,  for  the  purpose  of  enforcing 
"  c  the  payment  or  recovery  of  any  such  sum  of  money, 
"  f  except  after  such  application  to  such  court  and  such 
"  '  notice  as  may  be  provided  for  by  rules  or  dir  ections 
u  1  under  this  Act/  Xow  it  is  said  that  when  an  insurance 
"  company  sets  up  by  way  of  defence  to  a  claim  the  answer 
"  that  by  the  terms  of  the  contract  the  plaintiff  cannot 
"  recover  because  the  premiums  have  not  been  paid  for 
"  a  certain  specified  time,  the  insurance  company  are 
"  endeavouring  to  '  enforce  a  lapse  of  a  policy  of  insurance  ' 
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i(  within  the  meaning  of  the  section.  It  is  said,  and  I  assume 
"  for  the  purpose  of  this  action,  that  this  is  a  policy  of 
"  insurance  to  which  that  section  of  the  Act  applies,  and  we 
u  have  to  decide  whether  the  words  of  the  section  which  I 
"  have  read  are  applicable  to  the  defence  which  the  company 
"  are  seeking  to  raise  in  this  case.  In  my  opinion  this  sub- 
u  section  has  no  application  to  a  case  of  this  sort.  .  .  .  The 
"  section  means  this,  that  a  creditor  such  as  a  landlord  shall 
"  not  levy  distress,  and  shall  not  exercise  his  right  to  enter, 
"  and  take  possession,  because  the  tenant  has  made  default 
"  in  payment  of  rent,  except  by  leave  of  the  Court.  In  other 
"  words,  the  plain  object  of  the  section  is  to  protect  people 
who  cannot  pay  what  they  owe  from  having  a  distress  levied 
"  or  from  other  harsh  measures  that  a  creditor  might  take,  and 
"  so  give  them  the  opportunity  of  setting  up  as  defence  a  set 
"  of  facts  which  would  enable  the  Court  to  protect  them  against 
"  the  consequences  of  their  inability  to  pay  owing  to  the  war. 
"  If  the  respondent's  interpretation  of  this  section  is  right,  it 
"  would  have  exactly  the  opposite  effect  to  that  intended.  It 
"  would  enable  a  person  who  had  no  claim  to  any  sum  of  money 
"  at  all,  to  come  to  the  court  and,  by  seeking  to  take  the  benefit 
"  of  an  Act  which  was  passed  for  entirely  different  purposes, 
"  compel  a  defendant  to  pay  money  which  he  did  not  owe.  With 
"  all  respect  to  the  learned  County  Court  Judge  that 
"  interpretation  must  be  wrong.  The  section  when  it  speaks 
"  of  a  person  enforcing  a  lapse  of  a  policy  of  insurance  is 
ee  dealing  with  the  case  of  a  company  which  may  have  a  right 
"  to  obtain  money  from  some  policyholder  which  they  cannot 
"  enforce  until  they  have  lapsed  the  policy.  In  other  words, 
"  the  section,  when  dealing  with  this  class  of  case,  is  restricting 
"  the  right  of  insurance  companies  to  enforce  the  payment  of 
"  some  sum  of  money,  and  is  putting  them  in  precisely  the 
"  same  position  as  the  other  creditors  to  which  the  section 
"  refers.  The  defendants  in  this  action  are  not  enforcing'  a 
"  lapse  of  a  policy  at  all,  they  are  not  taking  any  steps  to 
a  obtain  money  from  the  plaintiff,  they  are  asking  for  no 
"  relief,  but  are  merely  seeking  to  set  up  the  defence  that 
"  this  money  is  not  due  and  owing  under  the  contract. 
"  The  plaintiff's  argument  if  acceded  to,  would  have  the  very 
"  remarkable  result  that  if  a  large  number  of  policyholders 
"  who  had  failed  to  pay  their  premiums  were  suddenly  to 
"  bring  actions  against  an  insurance  company  to  compel  them 
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"  to  pay  the  policy  moneys,  in  every  one  of  those  cases  the 
"  insurance  company  would  be  prevented  from  saying  that 
"  they  did  not  owe  the  money.  It  would  amount  to  this,  that 
u  a  company  would  have  to  admit  a  claim  which  they  did  not 
"  owe,  and  which  had  ceased  to  be  payable  months  before  the 
u  action  was  brought.    In  mv  view  the  section  has  nothing  to 

"  do  with  a  case  like  the  present  one  One 

"  other  consequence  would  follow  if  the  respondent's  contention 
"  is  right — namely,  that  although  the  company  had  been 
se  without  the  premiums  for  several  months,  and  had  had  no 
"  opportunity  of  investing*  that  money  and  providing  the  fund 
"  for  the  pa}rment  of  the  policy  money,  yet,  on  the  arrears  of 
"  premiums  being  handed  over  to  them,  they  would  be  bound 
"  to  pay  the  policy  money;  I  do  not  see  how,  under  those 
"  circumstances,  an  insurance  company   could  carry  on  its 
"  business.    In  my  opinion,  therefore  the  learned  County  Court 
"  Judge  was  wrong.    This  section  was  never  meant  to  apply  to 
"  a  case  like  the  present,  and  the  appeal  must  be  allowed." 
Sankey,  J.,  expressing  agreement,  said  ...... 

"  I  think  that  the  scheme  of  the  Act  is  that  where  someone 
"  wants  to  start  any  process  of  Court  himself,  he  must  obtain 
"  the  leave  of  the  Court.  I  do  not  think  the  Act  applies 
"  to  where  he  is  not  anxious  to  start  anything,  but  merely 
"  wishes  to  put  in  an  appearance  and  defend  a  process  started 
"  by  another  party.  In  this  case  if  anyone  lapsed  the  policy 
"  it  was  the  plaintiff,  who  did  so  by  failing  to  pay  the  premium. 
"  What  meaning,  then,  can  be  given  to  the  words  '  enforcing 
"  c  the  lapse  of  a  policy  of  insurance/  I  agree  that  some 
"  meaning  must  be  given  to  them  as  Parliament  cannot  be 
"  assumed  not  to  have  meant  anything  by  those  words.  I 
"  hesitate  to  give  a  meaning  to  them  as  it  is  not  necessary  for 
u  our  decision,  but  it  may  be  that  the  inclusion)  of  these  words 
"  might  prevent  an  insurance  company  suing  for  some  penalty 
"  due  on  a  lapse,  unless  they  had  applied  to  the  Court  for 
"  leave." 

The  remarks  of  the  learned  judges  are  certainly  interesting, 
although  some  doubts  have  been  thrown  upon  the  soundness  of 
the  decision.  So  far  as  I  know,  no  companies  have  altered 
their  practice  or  endeavoured  to  act  upon  the  decision,  and 
probably  any  attempt  to  do  so  would  be  restrained  by  further 
legislation. 
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An  elementary  demonstration  of  Stirling's  approximate 
formula  for  the  value  of  factorial  n. 

i.  In  the  higher  branches  of  the  Theory  of  Probabilities  and 
in  many  other  mathematical  investigations,  we  are  concerned 
with  the  ratios  between  the  factorials  of  large  numbers,  and 
for  this  purpose  Stirling's  approximate  formula  is  largely 
used.  The  following  elementary  demonstration  of  that 
formula  is  based  partly  on  an  investigation  given  by  Bertrand 
in  his  "  Calcul  des  Probability  pp.  72-3,  and  partly  on  one 
by  the  Italian  mathematician,  Cesaro'*  ;  but  Cesaro's  simple 
process — which  involves  only  a  well-known  logarithmic  series 
and  an  elementary  application  of  the  principle  of  limits — is 
here  extended  so  as  to  produce  limits  of  error  much  narrower 
than  his,  and  much  narrower  also  than  those  produced  by  a 
more  difficult  algebraical  investigation  by  Chrystal — Algebra, 
Part  II,  pp.  369-71.  This  extension  is  believed  to  be  new. 
2.  If  we  put  n  \  =  un,  we  have 

un+ xjun  =  n  +  l  =  [l^J       (1  +  1  /n) » 

n  \ 

But  (1  +  l/n)n      e  as  n      co  .t    If  therefore  we  put 
n  \  ^zun—nne-n<j>{n), 

we  shall  have 

<l>(n+l ) /(f>(n)  =e/(l  +  l/n)n,  which  ->  1  as  n  — >  00  . 

Now      log  [e/(l  +  1  In)11]  =  l—?i  log  (1  +  1  jn)  =  ~  —  J-  .  .  . 

and         log  [(n  +  l)/»]*=  |  log  (1  +  1/n)  =  ^  -  ^  .  . 

Thus  </>(w)  will  change  in  approximately  the  same  ratio  as 
ri*  changes,  if  n  is  at  all  considerable.  We  are  thus  led  to  put 
<f>(n)  ~n^(n),  or  n  \  —  nn+ie~n'\jr(n).  We  proceed  to  find  limits 
for  ^(n).    From  the  last  formula  we  have 

yjr  (n)  j'-f  (n  + 1)  =  [  (n  + 1 )  jn~\  n + *e  ~ 1  ; 

or,  taking  logs.,  —A  log^(?i)  =  log  {  [(?i-f-  l)/?i]"+*e-1 }. 

*  "Corso  di  analica  algebrica",  Torino,  .1884,  pp.  270  and  480.  (See  "The 
Mathematical  'I  heory  of  Probability",  vol.  I,  by  Arne  Fisher.  The  Macmillan 
Company,  N.Y.,  1915,  pp.  93-5). 

f  The  useful  symbol  stands  for  "  tends  to  the  value.'" — See  J.I  A.,  vol.  li, 
p.  135. 
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3.  By  a  well-known  formula  [Todhunter's  Algebra,^.  338  ; 
Hall  &  Knight's  Higher  Algebra,  p.  194] 


V    1        1        1  1  1 

1271+1  +3*(2a*+1)3+5'(2?H-1 


l0-  n  —L^+i+ri^T^  - 

or,  multiplying  by  (2w  +  l)/2  =  w  +  J  and  subtracting  log  e  =  1, 
—  A  log^(n)  =  log  {  [(n  +  l)/n]n+*<?-1} 

1        1  1      _1_  _L_ 

_3'(2/i+l)2+o"(2?i+l)J  +  7'(2?i  +  l),i+  '  *  *  (j) 

The  sum  of  this  series  is  less  than  the  sum  of  the  Gr.P. 
produced  by  replacing  the  denominators  3,  5,  7  ....  by 

3,  3,  3  ,  i.e.,  less  than  1/12ii(»  +  1)  or  l/12rc-l/12(ra+ 1). 

But  the  sum  of  (1)  is  greater  than  the  sum  of  the  Gr.P. 
produced   by   replacing   the    numerical    denominators  by 

s' 3(£)'  8(i)2'  3(!)3--->and  the  sum  °f  that  G"-p- is 

1  12(?i2  +  7i  +  *l).    Now  it  is  easily  shown  that 

l/12(w2+w  +  -l)>l/12[7i  +  iWj-l/12[^+^(%+l)  +  l] 
where  t(n)  =  1  /20n. 

We  have  therefore — changing  signs  and  remembering  that 
this  changes  >  into  <  and  vice  versa — 

A  log^O)  >  l/12(?i+l) -l/12/i  (A) 

<  1  /12  f>  +  t[n  + 1)  + 1]  ^  1/12  [n  +  *(n)]  .    .  (B) 

Passing  from  logs,  to  numbers,  we  have  from  (A.) 

f{n)  '  ^(nje-1/12" 

while  from  (B) 

iUt?  4-11  oW?l  +  l\e-lA2|>+*(»+l)+l] 

yfr(n)  '  f(n)e*+W 

4.  Thus  as  to  increases  yjr(n)e~l/u[n+^'l)]  decreases,  and 
yjr(n)e~l/l2'1  increases.  But  as  n  increases  the  two  expressions 
tend  to  equality,  because  their  values  remain  finite  and  their 
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ratio  ->  1,  since  t(n)  ->  0  as  n  ->  °o  .  They  must  therefore 
tend  as  n  cc  to  a  common  limit,  say  C  >  yjr(ii)e~1/12n 
and  <  ^(w)e-Vi2[u+^i)]  *  Thus 

^(?i)e-1/12n  <  C  <  ^(w)e-1/i2t^+<W] 
or  yft(n)  >  06W»+K»)] 

<  CeVi^H 

Substituting  in  the  expression  7?> !  =  nn+:k-e~ny\r(n),  we  have 

n !  >  0»»+*e-»  ....  (2) 

<  C7i*+*e-».e1/12n  (3) 

5.  The  foregoing  argument  may  be  expressed  in  the 
following  alternative  way.  Since 

Alog^(w)  >  l/12(n  +  l)-l/12n 
and  <  l/12[n+«(».+  l)  +  l]— l/12[»  +  «(fe)], 

we  have  by  addition  of  differences, 

log  f(N  +  m)  -  log  ^{~N)  >  l/12(N  +  m)  -  1/12N 

<l/12[.N  +  m  +  ^(N  +  m)]-l/12[N+^(N)] 

But  as  N  ->  oo  the  fractions  0  and  therefore  log*^(N  +  m) 
—  log^r(N)  0,  i.e.,  log-^r(N)  tends  to  a  limit,  say  logC. 
Hence  making  N      co  in  the  inequalities 

log^(N)-log^(w)  >1/12N.— 1/12» 

<  1  /12  [N  +  /  (N)]  - 1/12  [n  +  *(n)  ] 
we  get        log  C  —  logyjr(n)  >  —  l/12?i 

<  -l/12[n  +  «(n)] 
or                               (n)  >  Ce1/12[TO+<<n)] 

<  Ce1'12* 

which  is  equivalent  to  our  former  results. 

*  Geometrically  •v/r(?t)e-i/i2»i  and  are  both  asymptotic  to,  but 

lie  on  opposite  sides  of,  a  line  parallel  to  the  axis  of  n. 
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6.  To  find  the  value  of  1/12 [n +  £(»)]  we  have,  putting 
*(??,)  =  1/20  ?i,  see  §  3, 

,  1  _   1  l/20?i2 

'     L?i  4  [n)  J  ~  12 (n  + 1  /20»)  ~  12n     1 2  in  +  1  /20?i) 

J  1 

>  12w  240n3 

Thus  finally 

11  I    >  Gnn+ie-n%e\fi**-llW**      ....  (4; 

<  Cnn+h-n.el'12n     ......  (5) 

7.  A  value  of  the  constant  C  sufficiently  accurate  for 
all  practical  purposes  may  be  obtained  by  equating  the 
approximate  values,  found  from  the  formula 

n  !  =  Cnn+Ke~n  .e-1'1271, 

to  the  tabulated  value  of  n  !  for  a  large  value  of  n.  The 
logs  of  the  factorials  to  six  decimal  places  up  to  n=  1600  are 
tabulated  in  De  Morgan's  Treatise  "  The  Theory  of 
Probabilities"  in  the  Encyclopaedia  Metropolitana,  vol.  ii, 
pp.  486-490,  and  the  logs  to  7  places  up  to  n  =  1000  are  given 
in  Karl  Pearson's  "Tables  for  Statisticians",  pp.  98-101. 
Logs  to  18  places  up  to  ?i=120  are  given  by  Robbins, 
Transactions,  A.S.E.,  vol.  lii,  p.  171. 

If,  for  example,  we  take  n  =  100  so  that  log  I0fi1/240;i'  = 
'000,000,002,  the  value  of  log10C  may  be  found  correct  to 
8  decimal  places.* 

The  following  is  the  calculation  to  9  decimal  places : 

Log1010010°-5-  201-000,000,000 
Log10e-100=- 100  x  mod.  =  -43-429,448,190 

157-570,551,810 
Log10el'12M=mod./1200=  -000,361,912 

157-570,913,722 
Tabular  log10  *100  !  =  157-970,003,655 
Log10C=      0  399,089,933 
which  shows  an  error  of  —1  in  the  last  place. 

*  If  we  take  n  so  low  as  10,  e11-^  =  '0000018,  so  that  we  may  get  a  value  of 
log  C  correct  to  5  places. 


106 


Review. 


[April 


8.  By  higher  methods  it  may  be  shown  that  the  constant 
G  =  \/'Z7r  and  that  the  true  value  of  n  !  lies  between 
a/2tt  .nn+*  .e~n  .e^12n  and  the  same  multiplied  by  e-ll*mn\ 
as  against  our  factor  e~Jl240n\*  Thus  the  proportional  (or 
logarithmic)  range  of  error  found  by  the  above  simple  process 
is  only  lh  times  that  found  by  much  more  advanced  work. 
Cesaro  does  not  give  the  inequality  (B),  but  works  on  (A) 
and  Ayjr(n)  <0,  producing  the  much  wider  limits  Cnn+^ .  e~w 
and  this  quantity  multiplied  by  e-1^2'1.  Gr  J  L 

*  Since  the  Note  was  set  up  the  writer  has  found  that  1/12(»2  +  n  +  *1) 
is  >l/12»-*(n)-[l/12(»  +  l)-tf(»  +  l)],  where  t(n)  =  l/360(w3-«).  Hence 
the  factor  e-i^on3  jn  the  lower  limit  may  be  replaced  by  e-i'360(»3- «)3  -which  is. 
both  nearer  the  true  value  and  in  closer  agreement  with  that  found  by  higher 
methods. 
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Pulmonary  Tuberculosis:  Mortality  after  Sanatorium  Treatment.  By 
Noel  D.  Bardswell.,  M.V.O.,  M.D.,  F.R.C.R,  and  J.  H.  Rn 
Thompson,  F.I.A. 

[Pp.  112.    Medical  Research  Committee.   Special  Report  Series,  No.  33.  1919.] 

This  report,  issued  by  the  Medical  Research  Committee  (National 
Health  Insurance)  is  of  great  interest,  and  further  is  indicative  of 
the  increasing  tendency  towards  the  application  of  actuarial  and 
sound  statistical  methods  in  the  solution  of  problems  beyond  the 
normal  sphere  of  actuarial  activity. 

The  report  deals  with  the  mortality  experienced  to  the 
anniversary  of  discharge  in  1916  by  patients  discharged  from  the 
King  Edward  VII  Sanatorium  at  Midhurst  during  the  eight  years 
1907-14, 1,707  cases  in  all,  of  which  1,053  were  males  and  654  females. 

The  method  of  tabulation  of  the  data  is  fully  set  out  in  an 
appendix,  and  is  by  the  "  select  "  method,  an  exposed  to  risk  having 
been  obtained  in  respect  of  grouped  ages  at  discharge  for  each  year- 
elapsed  since  discharge.  The  expected  deaths  by  the  English 
Life  No.  8  Table  are  compared  with  the  actual  deaths  in  the  form 
of  a  ratio.  This  is  the  basis  of  working  throughout,  results  being 
given  according  to  condition  on  admission  in  three  groups,  Incipient, 
Moderately  Advanced,  and  Far  Advanced,  and  for  each  of  these 
groups  according  to  conditions  on  discharge  Arrested,  Much  Im- 
proved, Improved,  and  Worse. 

Further,  the  mortality  after  treatment  with  tuberculin,  according 
to  type  of  onset  of  disease,  in  respect  of  the  presence  or  absence  of 
tubercle  bacilli  in  the  sputum,  among  cases  in  which  there  existed 
tuberculosis  of  the  larynx,  and  among  cases  who  gave  a  family 
history  of  tuberculosis  are  also  made  subjects  of  inquiry. 

There  are  also  various  tests  as  to  homogeneity  of  data  in  the  way 
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of  subsiduary  statistical  tables.  Indeed,  so  far  as  the  data  allow 
the  investigation  is  most  thorough,  and  the  results  are  looked  at  from 
various  points  of  view. 

In  studying  the  ratios  in  the  various  tables  an  eye  should  be  kept 
on  the  expected  and  actual  deaths  on  which  they  are  based,  as 
occasionally  the  data  are  lamentably  small.  For  example,  in  com- 
paring the  Midhurst  ratios  with  those  for  the  Adirondack  experience 
(Tables  VIII  and  X)  it  is  pointed  out  that  for  all  durations  in  Group  3 
Midhurst  shows  the  better  results,  but  as  not  one  of  the  Adirondack 
expected  deaths  is  so  great  as  unity  and  four  out  of  six  range  from 
•25  to  -04  a  comparison  is  not  of  much  avail.  The  same  applies  to 
Table  XIII  as  regards  females  discharged  worse — it  is  remarked 
that  for  group  1  these  show  a  ratio  lower  than  might  be  anticipated 
(pp.  33-4),  but  the  facts  are  two  deaths  on  an  expected  of  -188. 

As  regards  the  experience  according  to  condition  on  admission, 
the  size  of  the  ratios  should  give  much  food  for  thought.  Even 
amongst  the  Incipient  cases  they  are  64  and  4-7  for  males  and  females 
respectively,  the  corresponding  figures  for  the  Moderately  Advanced 
being  15-6  and  19-0,  and  the  Far  Advanced  39-2  and' 37-5.  The 
ratios  are  much  higher  for  the  younger  ages,  but  as  is  pointed  out, 
this  does  not  mean  that  the  rate  of  mortality  is  decreasing  with 
advanced  age.  Taking  all  stages  of  the  disease  at  admission  together 
the  rate  of  mortality  does  not  appear  to  vary  sensibly  between  age 
groups.  In  order  to  carry  conviction  it  would  have  been  more 
satisfactory  had  this  been  dealt  with  for  the  three  groups  according 
to  condition  on  admission.  An  examination  of  the  figures,  however, 
confirms  the  same  feature  in  each  separate  group.  The  consistency 
of  the  results  between  males  and  females  and  with  a  previous 
investigation  into  American  data  adds  great  weight  to  the  con- 
clusions reached. 

Tables  XI,  XII  and  XIII  with  reference  to  the  experience 
according  to  condition  of  discharge  are  extremely  useful  in  so  far 
as  they  emphasize  the  greater  chances  a  patient  has  of  life  if  admitted 
in  an  early  stage  of  the  disease.  55-7  per-cent  of  the  males  and  71-2 
per-cent  of  the  females  admitted  in  the  Incipient  stage  are  discharged 
with  the  disease  arrested.  These  percentages  drop  to  19-2  and  17-9 
respectively  in  the  Moderately  Advanced  and  are  practically  negli- 
gible in  the  Far  Advanced  stage.  While  the  condition  on  discharge 
is  important  from  the  prognosis  standpoint,  it  should  be  clearly 
borne  in  mind  that  the  condition  on  admission  is  of  far  higher  impor- 
tance as  regards  chances  of  practical  recovery.  The  observations 
made  at  the  end  of  this  chapter  deal  largely  with  prognosis,  and  to 
these  might  have  been  added  one  urging  treatment  without  delay 
immediately  tuberculosis  is  diagnosed. 

In  the  light  of  statistics  one  must  sadly  admit  the  inadequacy  of 
sanatorium  treatment.  In  some  individual  cases  no  doubt  it  is 
effective,  but  as  a  whole  one  finds  little  satisfaction  in  the  results. 
One  reads  occasionally  in  the  Press  of  "  medical  orthopsedics  "  and 
possibly  the  solution  lies  in  this  direction,  in  the  training  of  a  con- 
valescent to  earn  his  living  at  such  work  and  in  such  surroundings 
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as  will  assist  and  maintain  his  recovery.  Statistics  relating  to  the 
mortality  experience  of  such  cases  would  be  interesting  indeed. 

To  pass  to  the  chapter  on  tuberculin,  the  principle  adopted  for 
the  comparison  of  cases  treated  with  and  without  this  factor  was  to 
compare  the  general  results  for  three  years  in  which  it  was  not, 
and  three  years  in  which  it  was  used.  During  the  latter  period 
67*6  per-cent  of  the  patients  discharged  had  been  treated  with 
tuberculin,  and  the  argument  was,  justly,  that  if  tuberculin  were  of 
service  its  value  would  be  reflected  in  an  improvement  in  the  total 
results.  This  method  seems  undoubtedly  the  best,  as  it  avoids  any 
fallacy  of  selection.  Various  tables  are  inserted  to  prove  the  homo- 
geneity of  the  data,  and  dealing  with  the  immediate  results  of 
treatment,  i.e.,  improvement  or  otherwise  in  condition  during 
treatment.  These  and  the  after  results,  however,  are  disappointing, 
no  marked  difference  being  apparent.  The  investigation  was, 
moreover,  carried  further  and  an  examination  made  of  the  experience 
of  patients  who  actually  received  tuberculin  treatment,  comparison 
being  made  with  a  group  of  cases,  as  similar  as  possible,  selected  by  a 
third  party.  Still  the  results  were  quite  inconclusive,  and  the 
conclusion  is  reached  that  tuberculin  injections  had  no  appreciable 
effect  either  for  good  or  ill. 

A  further  chapter  deals  with  the  mortality  according  to  type  of 
onset  of  the  disease,  how  it  first  manifests  itself,  whether  by 
haemoptysis,  with  an  attack  of  pleurisy,  or  insidiously,  i.e.,  by 
gradual  loss  of  strength  accompanied  by  a  cough.  Here  some  well- 
defined  features  are  brought  to  light.  Haemoptysis  on  the  whole 
leads  to  an  earlier  diagnosis  of  the  disease  than  in  the  other  types 
of  onset,  and  patients  whose  chief  initial  symptom  was  haemoptysis 
experienced  lighter  rates  of  mortality.  These  conclusions  of  the 
authors  are  acceptable,  but  it  is  noticeable  that  the  third  one  is  only 
a  suggestion — that  an  initial  haemoptysis  may  be  associated  with  a 
relatively  less  severe  type  of  disease.  The  percentages  of  patients 
with  type  of  onset  haemoptysis  in  the  groups  at  admission  Incipient, 
Moderately  Advanced  and  Far  Advanced  are  for  males 
30-8,  25-1  and  18-3  respectively,  and  for  females  18-2,  15-6  and  14-2. 
As  regards  the  males  especially  this  decreasing  percentage  rather 
indicates  not  only  earlier  diagnosis  but  a  general  shifting  of  the  weight 
of  such  cases  towards  the  less  severe  limit  of  a  stage  of  disease  at 
admission,  which  would  be  consistent  with  the  lower  ratios  brought 
out.  As  regards  females,  this  shifting  tendency  is  practically  non- 
existent and  curiously  the  ratios  for  the  females  do  not  show  to  the 
same  advantage  over  the  cases  with  insidious  type  of  onset,  so  one 
cannot  regard  the  association  of  an  initial  symptom  of  haemoptysis 
with  a  less  severe  type  of  disease  (as  opposed  to  a  less  severe  stage 
at  diagnosis)  as  proved,  without  further  investigation. 

No  elaborate  comments  are  necessary  on  the  chapters  dealing 
with  the  presence  or  absence  of  tubercle  bacilli  in  the  sputum  or 
with  cases  in  which  there  existed  tuberculosis  of  the  larynx.  Both 
positive  conditions  have  an  adverse  effect  on  the  mortality.  On  the 
other  hand  the  mortality  of  patients  who  gave  a  family  history  of 
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tuberculosis  gave  no  indication  of  differing  essentially  from  the 
normal.  This,  of  course,  does  not  have  any  bearing  on  the  chances 
of  a  person  who  has  a  family  history  of  tuberculosis  contracting 
the  disease,  but  once  having  contracted  it  he  does  not  appear  to 
be  worse  off  than  another  person.  An  Appendix  is  added,  dealing 
with  Messrs.  Rusher  and  Kenchington's  paper,  J.I.  A.,  vol.  xlvii, 
p.  433,  but  this,  of  course,  is  familiar  to  actuarial  readers. 

There  is  one  further  point  that  perhaps  may  be  mentioned.  It 
is  stated  in  the  Report  (p.  7)  that  an  endeavour  is  made  to  admit  to 
the  Sanatorium  only  those  who  are  suffering  from  the  disease  in  its 
earlier  stages.  The  endeavour,  however,  appears  to  have  been 
singularly  unsuccessful  if  one  may  judge  by  the  following  com- 
parison with  similar  efforts  made  during  the  later  admissions  to 
the  Adirondack  Sanitarium  : 


Male 

Female 

Incipient 

Advanced 

Far 
Advanced 

Incipient 

Advanced 

Far 
Advanced 

Adirondack,  Dec. 
1903,  to  July 
1909   

Mid  hurst 

|  222 

289 

29S 
541 

8 

223 

206 
171 

247 

307 

o 

176 

One  would  imagine  rather  that  only  those  who  had  little  chance 
of  recovery  were  refused  and  this,  of  course,  is  justifiable  from  a 
humanitarian  point  of  view  unless  patients  in  the  early  stages  were 
displaced  by  those  in  the  later  stages. 

Generally  speaking,  the  Report  avoids  serious  criticism,  not 
being  dogmatic  in  its  assertions  ;  in  a  true  scientific  spirit  obviously 
not  setting  out  to  prove  a  case  for  or  against  sanatorium  treatment, 
but  investigating  facts  and  reading  only  reasonable  interpretations 
into  the  results. 

S.  J.  P. 


CORRESPONDENCE. 


THE  YIELD  OX  A  REDEEMABLE  BOND  WHEX  INCOME-TAX 
IS  TAKEN  INTO  ACCOUNT. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Sirs, — If  your  readers  are  not  weary  of  the  subject  of  the  effect 
of  income-tax  on  the  yield  on  a  redeemable  security,  they  may 
possibly  find  the  following  formula;  of  practical  use.  The  expressions 
may  be  approximately  derived  from  formula  (6)  given  by^Messrs. 
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Lidstone  and  Todhunter  {J. LA.,  vol.  xlix,  p.  369),  or  more  simply 
from  first  principles,  but  they  are  admittedly  in  the  main  empirical, 
and  I  am  not  able  to  give  any  theoretical  reason  why  these  particular 
approximations  seem  to  suit  present  conditions  any  better  than 
many  others. 

The  true  gross  yield  allowing  for  tax  may  be  taken  as 

K  -  -K2 
t  2 

J  -  —  — -,  where  K  is  negative, 

1  -  t  n 

K-^K2 
t  5 

or  J  -  — :  ,  where  K  is  positive, 

1  —  /  u 

J  being  the  gross  yield  without  allowance  for  tax,  1  +  K  the  present 
price,  n  the  outstanding  term,  and  t  the  rate  of  tax  per  unit. 

The  advantage  claimed  for  these  formulae  is  simplicity  of 
application.     The  rate  of  dividend  is  not  involved,  and  it  is 

therefore  possible  to  construct  a  short  table  of  —  —  (k  -  ^K21  and 
f   /       Q     \  ^  v        2  / 

I  K  -  -K2  for  all  prices  of  securities,  for  any  value  of  t  desired, 
1  - 1\       5  / 

and  divide  by  n  in  any  particular  case  required. 

As  regards  accuracy,  single  examples  prove  little  and  are  not 
worth  setting  out.  I  have,  however,  tested  the  formulae  in  about 
100  cases  for  terms  from  2  to  40  years,  rates  of  dividend  from 
3  to  7  per-cent,  rates  of  net  yield  from  3i  to  6  per-cent,  and  rates 
of  tax  from  4s.  to  8s.  in  the  <£,  and  find  that  for  terms  of  20  years 
and  under  the  errors  are  under  3d.  per-cent  in  77  percent  of  the 
cases,  between  3^.  and  6d.  per-cent  in  15  per-cent,  and  between 
6d.  and  Is.  6^.  per-cent  in  the  remainder,  which  are  nearly  all  cases 
at  the  highest  rate  of  tax.  For  terms  over  20  years  the  errors 
range  up  to  as  much  as  3s.  per-cent  for  the  longest  term  and  highest 
rate  of  tax,  71  per-cent  being  under  Is.  per-cent. 

I  have  compared  the  errors  given  by  Messrs.  Lidstone's  and 
Todhunter's  formula  in  about  30  of  the  above  cases,  and  find  that 
the  latter  is  somewhat  more  accurate  for  terms  under  10  years  and 
less  accurate  for  terms  over  10  years. 

This  degree  of  accuracy  seems  amply  sufficient  in  dealing  with  so 
uncertain  a  factor  as  the  future  rate  of  income-tax. 

Yours  faithfully, 

O.  F.  DIVER. 

15,  St.  James's  Square,  S.W.  1. 
1  March  1920. 
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THE   INSTITUTE   OF  ACTUARIES. 

ADMISSION   OF  WOMEN  TO  MEMBERSHIP. 

At  a  Special  General  Meeting,  held  at  Staple  Inn  Hall, 
on  24  November  1919,  the  President  moved  the  following- 
resolution  on  behalf  of  the  Council : 

"  That  women  be  admitted  to  the  Institute  on  the  same 
"  conditions  as  men,  and  that  the  masculine  shall  include  the 
"  feminine  in  all  the  Regulations  of  the  Institute." 

The  President  said  that  the  reasons  which  had  influenced  the 
Council  in  deciding  to  bring  forward  the  resolution  might  be  summed 
up  in  the  words  that  it  was  in  accordance  with  the  spirit  of  the  times. 
There  was  evidence  of  that  in  resolutions  which  had  been  passed 
by  other  institutions,  in  the  fact  that  legislation  was  contemplated 
which  would  have  the  effect  of  requiring  such  institutions  to  admit 
women  on  the  same  terms  as  men,  and  in  the  example  of  their 
sister  institution,  the  Faculty  of  Actuaries  in  Scotland,  which  had 
alreadv  passed  a  resolution  in  terms  similar  to  the  one  before  the 
meeting.  He  had  been  informed  shortly  before  the  meeting  that 
there  was  a  feeling  among  some  of  the  members  that  the  proposed 
change  should  be  postponed  at  least  for  the  period  during  which 
the  revised  syllabus  was  to  remain  unaltered.  That  was  a  point 
which  the  Council  had  not  considered,  and  consequently  any  opinion 
which  he  expressed  upon  it  must  be  regarded  as  his  personal  opinion, 
and  not  as  that  of  the  Council.  Although  one  object  of  the  alteration 
of  the  syllabus  was  to  make  as  easy  as  was  compatible  with  efficiency 
the  examination  test  to  which  the  members  who  had  been  serving 
in  the  war  were  to  be  subjected,  it  was  not  the  whole  object  of  the 
Council  in  making  the  alteration.  He  thought  he  might  say  that 
the  alteration  had  been  made  in  accordance  with  a  preconceived 
general  policy,  which  was  that  the  syllabus  should  aim  at  providing 
a  test  which  would  produce  competent  actuaries  and  at  the  same 
time  save  those  who  desired  to  specialize  in  a  particular  direction 
from  having  to  overload  themselves  with  work  which  might  not 
be  useful  in  connection  with  the  particular  subject  in  which  they 
desired  to  specialize.  He  thought  it  was  obvious  that  that  was  in 
the  minds  of  the  Council,  because  they  had  further  developed  their 
policy  in  the  direction  which  he  had  indicated,  by  offering  prizes 
for  special  research.  Was  there  any  real  injustice  to  the  members 
in  the  immediate  admission  of  women  ?  He  submitted  that  there 
was  not.  Those  members  who  had  been  on  service  in  the  war  to 
the  extent  to  which  they  had  had  an  opportunity  of  studying  pro- 
fessionally or  of  obtaining  practical  experience  in  offices  before  the 
war,  had  an  advantage  as  compared  with  any  women  who  might 
join  the  Institute.  He  admitted  that  on  the  point  of  practical 
experience  some  advantage  had  been  lost  by  the  fact  that  most  of 
the  women  who  would  apply  for  admission  to  the  Institute  had  had 
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some  office  experience  during  the  war,  but  that  did  not  apply  to 
preliminary  study.  So  far  as  new  members  were  concerned,  whether 
they  were  men  or  women,  they  started  on  an  equal  footing.  It 
seemed  to  him  perfectly  fair  that  that  should  be  so.  After  the 
resolution  had  been  seconded  the  Council  would  be  glad  to  hear  any 
remarks  that  the  members  might  wish  to  make  on  it. 

Mr.  S.  G.  Warner,  in  seconding  the  resolution,  said  that  he  was 
very  glad  to  have  the  opportunity  of  associating  himself  personally 
with  the  recommendation  of  the  Council.  The  resolution  had  not  been 
arrived  at  without  very  grave  consideration  and  without  the  best 
attention  which  the  Council  were  able  to  give  to  it.  The  arguments 
in  its  favour  need  hardly  be  elaborated  at  the  moment ;  they  could 
not  be  better  summed  up  than  they  had  been  by  the  President. 
The  Institute  was,  in  fact,  asked  to  follow  the  great  current  of 
general  civilized  public  opinion.  He  presumed  that  any  opposition 
or  hesitation  among  the  members  must  be  due  to  some  trepidation 
as  to  the  results  of  such  a  profound  and  far-reaching  change  in  the 
constitution  of  the  Institute.  With  reference  to  that,  he  thought 
it  might  be  taken  as  the  testimony  of  experience  that  no  profession, 
learned  or  otherwise,  which  during  the  past  quarter  of  a  century 
had,  in  obedience  to  that  general  feeling  and  movement,  opened 
its  doors  to  women,  had,  so  far  as  he  knew,  had  any  occasion  to 
regret  it.  Some  of  the  members  knew  something  about  the  struggle 
which  took  place  before  women  obtained  admission  to  the  medical 
profession,  and  they  knew  now  how  women  occupied  an  honoured 
place  and  almost  an  indispensable  place  there.  In  the  actuarial 
profession  he  did  not  personally  expect  a  very  great  incursion  of 
women  members  for  a  good  many  years  to  come.  The  step  they 
were  proposing  to  take  involved  perhaps  some  courage  and  some 
liberal  feeling  and  sympathy  and  good  fellowship,  but  he  thought 
it  was  a  step  which  they  as  an  Institute  would  honour  themselves 
and  in  the  end  abundantly  justify  themselves  by  taking. 

Mr.  A.  Henry  said  he  had  been  asked  to  express  the  feelings  of  the 
Committee  of  the  Students'  Society  on  the  matter.  The  Committee 
were  in  touch  with  a  considerable  body  of  their  members  and  the 
opinion  which  they  held  was  the  result  of  discussions  amongst  quite 
a  large  number  of  the  younger  members,  including  not  merely  the 
younger  Fellows  of  the  Institute  but  also  members  who  were  actually 
going  in  for  the  examinations  and  who  had  a  real  interest  in  the 
matter.  As  a  Committee  they  did  not  oppose  in  any  way  the 
admission  of  women.  As  a  matter  of  fact,  in  consonance  with  the 
attitude  of  most  young  people  in  the  present  days,  they  welcomed 
it ;  but  at  the  same  time  they  did  view  with  some  misgiving  the 
effect  of  allowing  women  to  enter  under  the  present  restricted 
syllabus — not  because  they  were  women  or  because  there  were  any 
doubts  as  to  their  capacity  to  deal  with  a  more  difficult  syllabus, 
but  because  it  was  an  aggravation  of  the  situation  which  had  been 
brought  about  by  the  policy  of  cutting  down  the  range  of  the 
examination  syllabus.  The  President  had  said  that,  although 
the  syllabus  was  the  result  of  an  attempt  to  meet  war  conditions,. 
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yet  it  was  part  and  parcel  of  a  rather  larger  policy  involving  the 
ultimate  qualifications  of  the  practising  actuary.  In  so  far  as  the 
present  syllabus  was  to  be  regarded  as  an  attempt  to  meet  the 
special  conditions  arising  out  of  the  war,  he  did  not  think  anybody 
would  criticize  it.  They  all  recognized  that  men  had  lost  valuable 
years  which  would  have  been  used  for  qualifying  themselves  in 
their  profession,  and  that  some  measures  must  be  taken  to  set  that 
right.  But  the  question  of  the  final  qualification  of  the  actuary 
was  a  very  different  matter.  The  general  scope  of  the  examination 
was  too  wide  a  subject  to  discuss  at  the  present  meeting.  At  the 
same  time,  he  thought  there  were  some  things  which  must  be  deemed 
essential  as  part  of  the  equipment  of  the  practising  actuary.  In 
his  view  the  splitting  of  the  final  examination  into  two  alternative 
parts  might  result  in  very  unfortunate  consequences  to  the  pro- 
fession. He  thought  that,  from  the  point  of  view  of  the  standing 
of  the  profession  in  the  opinion  of  the  outside  public,  the  qualifica- 
tions of  an  actuary  should  cover  all  subjects  which  properly  fall 
within  his  purview.  If  in  the  future  an  actuary  were  to  apply  to 
be  put  on  the  list  of  public  valuers,  the  Eegistrar  might  consider  it 
his  duty  to  enquire  what  j)art  he  had  taken  in  the  Final — the  Friendly 
Society  part  or  the  Life  Office  part.  He  did  not  think  that  would 
be  satisfactory  from  the  point  of  view  of  the  profession  or  from  the 
point  of  view  of  the  applicant.  In  referring  to  the  question  of  the 
syllabus  he  wished  to  indicate  the  objections  that  were  felt  not  as 
regards  women  only,  but  as  regards  women  in  common  with  the 
young  members  who  were  coming  forward  for  their  examinations 
and  who  did  not  require  the  concessions  that  were  naturally  extended 
to  the  members  who  had  suffered  during  the  war.  The  Committee 
did  not  propose  to  take  any  steps  to  move  an  amendment  or  to 
suggest  any  other  course,  but  they  would  be  very  grateful  if.  in 
taking  the  necessary  steps  in  connection  with  the  admission  of 
women  to  the  Institute  on  the  same  terms  as  men.  the  Council 
would  consider  the  views  which  he  had  represented. 

The  President  said  there  appeared  to  be  nothing  in  Mr.  Henry's 
presentation  of  the  case  of  the  students  which  was  inconsistent 
with  the  passing  of  the  resolution.  It  must  be  borne  in  mind  that 
their  examinations  were  not  competitive  examinations  :  it  was 
merely  a  pass  degree  which  the  Institute  conferred.  The  admission 
of  women  would  make  no  difference  to  the  possibility  of  a  return 
to  the  old  syllabus,  and  if  in  the  judgment  of  the  members  as  a  body 
it  was  desirable  later  on  that  the  syllabus  should  be  restored  to  it- 
pre-war  standard,  the  syllabus  so  restored  would  apply  just  as 
much  to  women  as  to  men  students,  and  therefore  the  position 
would  be  that  both  sexes  were  submitted  to  the  same  test.  He 
thought  that  the  fear  that  any  considerable  number  of  unqualified 
women  might  attain  to  the  Fellowship  in  the  interval  was  quite 
without  foundation.  If  there  was  any  foundation  for  it.  it  was  a 
fear  which  would  apply  as  much  to  men  students  as  to  women 
students.  He  could  see  no  difference  in  principle.  At  a  later  stage 
it  would  be  quite  within  the  competence  of  any  member  or  body  of 
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members  of  the  Institute  to  address  the  Council  with  a  view  to  an 
adequate  consideration  of  the  views  put  forward  by  Mr.  Henry  on 
behalf  of  the  Students'  Society,  and  he  was  quite  sure  that  they 
would  receive  attention. 

The  motion  was  carried  unanimously. 


EXAMINATIONS,  DECEMBER  1919. 

Examinations  were  held  on  the  15th,  16th  and  17 th  December  1919,  at 
London,  Liverpool,  Norwich,  Edinburgh,  Dublin,  Melbourne,  Sydney, 
Perth,  Dunedin,  Montreal,  Toronto,  Ottawa,  Winnipeg,  Bombay,  and 
Calcutta,  with  the  following  results: 

Part  I.— Section  A. 
Ninet}'-seven  candidates  sent  in  their  names,  of  whom  eighty-three 


presented  themselves,  and  thirty-seven  passed,  namely  : 

Allen,  P.  A. 

Gibberd,  J.  A. 

Polden,  L.  S. 

Balmford,  W.  C. 

Godfrey,  G.  H. 

Rowan,  H.  R. 

Blossom,  John 

Haynes,  T.  W. 

Sanger,  C.  W. 

Bourke,  G.  W. 

Holmes,  G.  L. 

Saunders,  F.  W. 

Carr,  A.  I. 

Hornsby,  S.  J. 

Schwehr,  W.  E.  P. 

Clough,  W.  H. 

Horsley,  N.  A. 

Starke,  L.  G.  K. 

Creese,  H.  R. 

McLachlin,  J.  L. 

Taylor,  J.  A.  G. 

Cutler,  D.  G.  S. 

Mann,  A.  II. 

Vaidyanathan,  L.  S. 

Davis,  Miss  D.  B. 

Miller,  I.  A. 

Vaidyanathan,  M. 

Dodwell,  Miss  M.  E. 

Murrell,  R. 

Williamson,  W,  H.  I 

Dowsett,  R.  E. 

Parker,  R.  0. 

Yetton,  J.  L. 

Finch,  G. 

Paul,  H.  C. 

Forster,  W.  A. 

Pedoe,  A. 

Part  I. — Section  B. 

Eighty-seven  candidates  sent  in  their  names,  of  whom  seventy-six 
presented  themselves,  and  thirty-four  passed,  namely  : 


Balmford,  W.  C. 

Kingham,  C.  E. 

Sanger,  C.  W. 

Blossom,  John 

Legge,  Miss  P. 

Southwell,  M.  G. 

Bourke,  G.  W. 

Lock  wood,  B. 

Starke,  A.  W. 

Chapman,  H.  V. 

McLachlin,  J.  L. 

Starke,  L.  G.  K. 

Charles,  A.  H. 

Miller,  I.  A. 

Taylor,  J.  A.  G. 

Elrick,  W. 

Milnes,  H.  L. 

Mock,  Miss  M.M.  N. 

Finch, G. 

Murrell,  R, 

Turner,  G.  C. 

Forster,  W.  A. 

Nisbet,  J.  D.  P. 

Vaidyanathan,  L.  S. 

Freeman,  H. 

Patterson,  J.  R. 

Walker,  J.  R. 

Gardner,  W.  F. 

Pedoe,  A. 

Walker,  R.  B. 

Haynes,  T.  W. 

Perks,  W. 

Jones,  H.  G. 

Reynolds,  P.  C. 
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Part  II. 


Thirty-eight  candidates  sent  in  their  names, 
presented  themselves,  and  twenty  passed,  namely  : 


Barnsley,  J.  C. 
Brown,  E.  A.  L. 
Bryson,  S.  F.  A. 
Childe.  E.  R. 
Freeman,  H. 
Garland,  W.  E. 
Hooker,  P.  F. 


Houseman,  D. 
Johnston,  W.  X. 
Lochhead,  R.  K. 
Miles.  G. 
Millward,  G.  D. 
Perry  man,  F.  S. 
Rowell,  A.  H. 


of   whom  thirty-two 

Taylor,  F.  G. 
Thomas,  J.  H. 
Waller,  F.  W. 
Watson,  D.  J. 
Williams,  E. 
Woodrow,  G. 


Pakt  III.— Section  A. 

Twenty-nine  candidates  sent  in  their  names,  of  whom  twenty-eight 
presented  themselves,  and  eight  passed,  namel}r : 

Clegg,  C.  Mabon,  J.  B.  Warren,  C.  F. 

Knowles,  M.  B.  Maddex,  G.  H.  WofSndin,  R.  H. 

Lafford,  H.  G.  Thompson,  F.  A. 


Part  III. — Section  B. 

Thirty-one  candidates  sent  in  their  names, 
presented  themselves,  and  nineteen  passed,  namely 


Atkins,  F.  C. 
Blake,  W.  T.  C. 
Brown,  S.  P. 
Carpmael,  C. 
Davidson,  A.  P. 
Denmark,  R.  J. 
Gostelow,  C. 


Jones,  R.  McK 
Lafford,  H.  G. 
Maddex,  G.  H. 
Moore,  W.  R. 
O'Brien,  H. 
Reid,  W.  C. 
Rutherford,  C.  D. 


of   whom  twenty-nine 

Spurgeon,  C.  B. 
Thompson,  F.  A. 
Watson,  A.  D. 
Weyer,  D. 
Woffindin,  R.  H. 


Part  IV. — Section  A. 

Twenty  candidates  sent  in  their  names,  of  whom  nineteen  presented 
themselves,  and  seven  passed,  namely  : 

+Brown,  A.  E.  tHarrington,  E.  W.  fPollard,  E.  C. 

tChatham,  E.  F.  fKlagge,  0.  C.  J. 

tDrake,  C.  C.  H.  fPenn,  C.  S. 


Those  marked  (t)  have  now  completed  the  Examination  for  the  Class  of  Fellow. 


By  Order  of  the  Council, 

A.  C.  THORN  E, 

Chairman  of  Board  of  Examiners. 
W.  PALIN  ELDERTON, 
H.  M.  TROUNCER, 

Joint  Honorary  Secretaries. 
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LECTURES  ON  STATISTICS. 

The  following  is  the  Syllabus  of  a  course  of  five  lectures 
delivered  during  the  current  session  before  the  members  of 
the  Institute,  at  Staple  Inn  Hall,  by  Miss  Ethel  M.  Elderton, 
Research  Fellow,  University  College,  London  : 

SOME  PRACTICAL  EXAMPLES  OF  STATISTICAL  WORK 
WITH  SPECIAL  REFERENCE  TO  CORRELATION. 

1.  Explanation  of  terms  ;  collection  of  data,  &c.  ;  graphic  work. 

2.  Means  and  standard  deviations  and  their  numerical  calculation 
and  why  they  are  wanted  in  measuring  correlation. 

3.  Simplest  method  of  calculating  correlation. 

4.  Regression  and  the  product-moment  method. 

5.  Interpretation  of  results  and  discussion  of  various  points 
that  arise. 


©trituan?. 

Harry  Watson,  Student  of  the  Institute,  -2nd  Lieutenant,  King's 
Liverpool  Regiment. 

Killed  in  Action  12  August  1916. 

Arthur  Vernon   Glare,   Probationer   of   the   Institute,  2nd 
Lieutenant,  1/21  Battalion  London  Regiment. 

Killed  in  Action  15  September  1916. 


Oct.  1920.] 
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Newton's  Interpolation  Formulas.    Further  Notes  hy  Duncan 
C.  Frasee,  M.A.,  F.I. A. 

ThJROUGH  the  kindness  of  Mr,  Lidstone,  I  have  had  an 
opportunity  of  seeing  a  letter  from  an  eminent  mathematical 
authority  who  writes  from  Edinburgh,  and  in  the  course  of.  a 
friendly  reference  to  previous  contributions  on  this  subject 
expresses  the  view  that  in  my  enthusiasm  for  Newton  I 
have  done  some  injustice  to  Newton's  great  contemporary, 
James  Gregory.    He  says  : 

"  There  are,  I  think,  strong  reasons  for  concluding  that 
"  Newton's  formula 

«      /(«+»)=/(«)+»A/(aJ  +  5fci)A'/(0) 

+  *»-g(»-8>AyW+... 

"  was  really  discovered  first  by  Gregory.  At  any  rate 
"  there  is  no  doubt  that  Gregory  was  the  first  person  to 
"  communicate  the  formula  to  any  other  human  being, 
"  namely,  in  the  letter  to  Collins,  of  date  23  Xovember  1670, 
"  which  is  printed  in  Rigaud's  Correspondence  of  Scientific 
"Men  of  the  XVIIth  Century,  v.  ii3  p.  209.  He  gives  a 
"worked  out  example.  Rigaud,  p.  211-     Now  we  know 
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"  that  Collins  kept  up  a  regular  correspondence  with  both 
"  Gregory  and  Newton,  and  that  he  transmitted  to  Newton 
"  what  he  got  from  Gregory  (he  says  so  himself,  Rigaud, 
"  v.  ii,  p.  335) ;  and  we  know  that  Gregory  in  his  letter 
"  calls  the  formula  c  my  formula '  and  that  neither  he  nor 
"  Collins  at  the  time  suggested  that  Newton  might  know 
"  of  it,  and  that  Newton  did  not  mention  it  in  any  letter  or 
"publication  for  some  years  after.  The  world  owes 
"  much  to  Collins  who  kept  copies  of  these  letters.  His 
"  introduction  of  himself  in  his  first  letter  to  Gregory  is 
<c  delightful  :  '  Sir,  it  was  once  my  good  hap  to  meet  v/ith 
"  you  in  an  ale  house/  " 

The  criticism  comes  from  a  source  which  is  entitled  to  the 
highest  respect.  The  evidence,  however,  for  the  priority  of 
Newton  is,  I  think,  complete  and  convincing,  and  I  am  glad  to 
have  the  opportunity  of  setting  it  out  in  full  detail.  But  first 
of  all  it  may  be  appropriate  to  give  some  account  of  the 
persons  who  come  into  the  story  and  of  their  relations  to  one 
another. 

James  Gregory  (1638-1675),  one  of  the  most  eminent 
mathematicians  and  astronomers  of  his  day,  is  now  best 
remembered  by  his  simple  and  familiar  series  for  an  angle  in 
terms  of  the  powers  of  its  tangent,  announced  in  the  following- 
terms  in  a  letter  dated  15  February  1671,  to  John  Collins 
(Bigaud,  v.  ii,  p.  216)  : 

Sit  Eadius  =  r 

Arcus    =  a 

Tangens  =  t 

Secans   =  s 

f_  __f_  .J? 

3r  +  5r4     7?'6  +  9r; 


Erit  a  =  t  -  — ,  +  _  ,  -  — .  +  -  8  -  ,  &c. 


The  series  does  not  T  believe  appear  in  any  of  his  published 
works,  Gregory  being  satisfied  that  the  announcement  to 
Collins  was  as  good  as  publication  to  the  world.  He  was  the 
inventor  of  the  reflecting  Telescope,  and  it  whs  when  he  came 
to  London  in  1664  or  1665  to  get  an  instrument  constructed 
that  he  made  the  acquaintance  of  Collins,  who  Avas  able  to 
introduce  him  to  the  best  glass  grinders.  From  London  he 
went  to  the  University  of  Padua  where  he  spent  the  next 
three  or  four  years  and  published  his  earliest  works.  From 
1668-1674  he  was  Professor  at  St.  Andrews,  and  was  then 
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appointed  the  first  exclusively  mathematical  Professor  in  the 
University  of  Edinburgh,  but  he  died  suddenly  after  occupying 
that  position  for  only  fifteen  months.  He  was  the  greatest 
representative  <»f  one  of  the  most  remarkable  scientific  families 
this  country  has  produced.  From  his  day  to  ours,  the  intervals 
have  been  few  and  short  in  which  a  Gregory  has  not  occupied 
a  Professorship  or  Lectureship  in  some  department  of  science. 
His  lineal  descendants  in  four  successive  generations  supplied 
Professors  of  Medicine  to  the  Universities  either  of  Aberdeen 
or  Edinburgh,  and  his  great -great-grandson,  Duncan 
Farquharson  Gregory  (1813-1844),  was  well  known  as  the  fir^t 
editor  of  the  Cambridge  Mathematical  Journal.  Of  his 
collateral  descendants  two  nephews,  David  and  James,  may  be 
specially  mentioned.  David  Gregory  (1061-1708  became 
Professor  of  Mathematics  in  the  University  of  Edinburgh  at 
the  age  of  23,  and  after  occupying  that  chair  for  seven  years 
went  to  London  in  1691  and  made  the  acquaintance  of  Xewton, 
whose  intimate  friend  he  became  Newton  introduced  him  to 
Flamsteed,  and  through  the  active  support  of  these  influential 
friends  he  was  chosen  Savilian  Professor  of  Astronomy  at 
Oxford.  David's  brother,  James  Gregory  the  younger, 
succeeded  him  as  Professor  of  Mathematics  at  Edinburgh,  and 
was  also  on  friendly  and  familiar  terms  with  Xewion.  Another 
collateral  descendant,  Thomas  Reid,  Professor  of  Philosophy 
at  Aberdeen  and  at  Glasgow,  has  preserved  an  anecdote  of 
the  younger  James  Gregory  which  I  quote  with  the  special 
aim  of  placating  my  Edinburgh  friends.  James  Gre^ry.  he 
Tells  us,  being  one  day  in  familiar  conversation  with  Sir  Isaac 
Xewton  at  London,  Sir  Isaac  said  :  "  Gregory,  I  believe  you 
do  not  know  that  I  am  a  Scotchman."  u  Pray,  how  is  that 
said  Gregory.  Sir  Isaac  Xewton  said  he  was  informed  that 
his  grandfather  (or  great-grandfather)  was  a  gentleman  of 
East  (or  West)  Lothian,  that  he  went  to  London  with  King 
James  I  at  his  accession  to  the  Crown  of  England,  and  that 
he  attended  the  Court  in  expectation  as  many  others  did  until 
he  spent  his  fortune,  by  which  means  his  family  was  reduced 
to  low  circumstances.  :c  At  the  time  this  was  told  me  "3  Eeid 
remarks,  "  Mr.  Gregory  was*  dead  :  otherwise  I  should  have 
had  his  own  testimony,  for  he  was  my  mother's  brother."' 

John  Collins  (1(525-1683)  was  an  accountant  in  the  City  of 
London,  expert  in  his  profession  and  interested  in  the  scientific 
^ide  of  his  work.    Although  the  science  of  life  contingencies 
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had  not  yet  appeared  above  the  horizon  he  may  be  regarded 
as  the  nearest  equivalent  in  his  time  to  the  modern  actuary. 
He  spent  seven  years  of  his  life,  between  the  ages  of  17  and 
24,  during  the  period  of  the  Civil  War,  in  an  English  ship 
employed  by  the  Venetians  in  defending  Candia  against  the 
Turks.  At  sea  he  learned  the  elements  of  navigation  and 
mathematics,  and  on  returning  to  London  in  1649,  he  got  into 
communication  with  Foster,  lecturer  in  astronomy  at  Gresham 
College,  who  supplied  him  with  lists  of  mathematical  books  so 
that  he  might  extend  his  studies.  His  first  letter  to  James 
Gregory  throws  an  interesting  light  on  his  occupations  and 
interests.  My  Edinburgh  critic  has  already  quoted  a  few 
words  from  it  and  I  extend  the  quotation.  Sion  College,  on 
the  Thames  Embankment,  mentioned  at  the  beginning  of  the 
extract  was  and  is  famous  for  its  library,  and  before  the 
great  Fire  of  London  was  attractive  to  mathematicians  on 
account  of  its  mathematical  books  and  MSS.  The  early 
mathematician  Torporley  (1 564—1632),  who  had  been  Secretary 
to  Francis  Viefca  of  Fontenoy,  the  founder  of  modern  algebra, 
left  his  MSS/ to  Sion  College  where  he  spent  the  last  years  of 
his  life  ;  but  nearly  all  its  treasures  were  destroyed  in  the 
Fire,  and  the  library  had  to  be  reconstituted.  The  letter  from 
which  I  quote  was  written  to  Gregory  at  Padua  and  the  date, 
which  is  not  given,  would  appear  to  be  early  in  1668 
(Rigaud,  v.  ii,  p.  178)  : 

Sir,  it  was  once  my  good  hap  to  meet  with  you  in  an  ale  house 
or  in  Sion  College,  and  though  I  have  not  been  educated  at 
Universities  and  so  my  attainments  are  mean,  yet  I  have  an 
ardent  love  to  these  studies,  and  endeavouring  to  raise  a  catalogue 
of  mathematical  books,  and  to  procure  scarce  ones  for  the  use  of 
the  Royal  Society  and  my  own  delight,  I  crave  your  assistance  in 
procuring  what  I  mention  in  this  letter  or  the  enclosed  paper. 

 I  can  give  you  an  account  of  many  books  printed  lately 

at  Paris,  and  some  of  them  for  private  persons,  which  I  wish  I 
could  have  for  my  money  and  perchance  you  will  desire  to  meet 
with  some  of  them  in  your  return.  I  am  now  in  a  troublesome 
employment  that  prevents  my  studies,  to  wit,  Chief  Accountant 
to  the  Commissioners  for  examining  the  accounts  of  the  late 
war,  and  manage  an  accountantship  in  the  Excise  Office  by  a 
substitute  ;  so  that  if  you  vouchsafe  an  answer,  direct  it  to  me 
as  an  Accountant  at  the  Excise  Office  in  Bloomsbury,  to  be  left 
with  Mr.  Bourne  at  the  posthouse. 

This  may  be  supplemented  from  a  letter  of  Collins  written 
to  another  correspondent  in  1672  (Rigaud,  v.  i,  p.  200)  : 
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I  correspond  with  Dr.  Wallis,  Mr.  Bernard,  Mr.  Newton, 
Mr.  Towneley,  Mr.  Gregory,  Pere  Bertit,  Slusius,  Borellius,  &c. 

 I  am  about  to  turn  stationer  myself  ;  and  as  I  have  been,  so 

I  believe  I  shall  continue  as  eager  as  any  man  to  get  good  books 
printed.  I  have  been  employed  nearly  2J  years  under  Mr. 
Slingesby,  Mint  Master,  as  Secretary  (and  a  Member)  of  the 
Council  of  Plantations,  and  have  received  but  little  more  than  a 
tithe  of  my  pay.  A  pension  I  had  of  £50  per  annum,  half  my 
salary,  a  little  while  of  the  King  for  the  loss  of  my  place  as  an 
accountant  in  the  Excise  Office,  by  reason  of  altering  the 
administration  thereof  since  the  late  Lord  Treasurer's  death, 
and  that  hath  been  stopped  these  twelve  months,  as  is  likewise 
my  wife's  pay  as  laundress  of  the  table  linen  to  the  Queen  ; 
the  King's  debts  and  occasions  for  the  war  diverting  the  money. 
And  now  the  Council  of  Plantations  is  likewise  to  be  a  Council 
of  Trade  ;  and  Mr.  Slingesby,  conceiving  the  trouble  will  be 
great,  and  the  pay  as  uncertain,  leaves  his  Secretary's  place, 
and  advises  me  to  leave  that  employment  and  to  manage  the 
Farthing  Office,  to  deliver  out  all  that  are  coined  on  Tuesdays, 
Thursdays  and  Saturdays  in  the  mornings,  in  crown-papers 
ready  tied  up  ;  the  salary  £50  per  annum  and  a  fair  dwelling- 
house,  which  I  think  may  be  in  or  near  Fenchurch  Street,  where 
having  a  convenient  shop  I  intend,  God  willing,  to  set  up  a 
Stationer's  trade  (and  have  a  promise  of  serving  the  Mint),  and 
afterwards  hope  to  fall  into  the  printing  of  books,  especially  some 
of  the  copies  of  the  members  of  the  Royal  Society,  and  some  of 
my  own,  particularly  one  of  the  modern  advancement  of  Mathe- 
matical Sciences,  and  an  Account  of  the  best  authors  of  that 
kind,  and  some  others  which  I  intend,  of  which  more  hereafter. 
The  last  ages  were  too  ignorant  of  mathematics  

I  married  the  younger  daughter  of  two  only  children  of 
Mr.  Wm.  Austin,  who  being  one  of  His  Majesty's  Cooks  when 
Prince  of  Wales,  was  by  Dr.  Wilkins'  means,  made  and  continued 
master  cook  of  Wadham  College  in  Oxford  during  the  late 
troubles,  and  is  now  master  cook  to  His  Majesty  of  the  Lord's 
kitchen.  I  live  at  my  said  father-in-law's  house  in  Petty 
France,  Westminster,  over  against  the  Adam  and  Eve. 

He  had  been  elected  in  1667  a  member  of  the  Roval 
Society,  of  which  Dr.  Wilkins  (afterwards  Bishop  Wilkins) 
was  oue  of  the  founders.  His  dreams  of  setting  up  as 
Bookseller  and  Publisher  were  never  fulfilled,  probably  for 
want  of  capital.  He  was  not  a  man  of  means,  though  he  was 
lavish  in  his  expenditure  on  books.  Here  is  an  extract  from 
another  letter  in  1677  (Rigaud,  v.  ii,  p.  23)  : 

It  hath  been  my  misfortune  to  be  concerned  in  public  employ- 
ments, as  in  the  Council  of  Plantations,  &c,  wherein  I  have  not 
been  paid,  and  have  great  arrears  due  to  me,  for  want  whereof 
I  am  almost  ruined  ;  and  having  a  numerous  family  to  maintain, 
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to  wit,  a  wife  and  seven  small  children,  I  am  forced  to  undertake 
such  occasional  business  as  offers  and  by  consequence  to  neglect 
a  correspondence  with  the  learned,  which  though  unworthy  I 
much  covet. 

Such  occasional  and  remunerative  business  as  the 
disentangling  of  intricate  accounts  necessarily  occupied  much 
of  his  time.  He  had  published  in  1652  an  introduction  to 
Merchants'  Accounts,  of  which  he  brought  out  a  second  edition 
in  May  1665  ;  but  he  writes  in  the  following  February  that  by 
reason  of  the  contagious  death  of  the  bookseller  (during  the 
plague)  it  was  not  yet  procurable  ;  and  a  year  later  he  mentions 
that  this  work,  lately  re-printed,  underwent  the  fate,  i.e  ,  the 
issue  was  destroyed  in  the  great  Fire  of  London. 

His  fame  rests  not  on  any  original  work  of  his  own,  but  on 
his  correspondence  with  the  learned  men  of  his  time.  He 
constituted  himself  the  principal  centre  and  medium  for  the 
circulation  of  information  on  new  discoveries,  and  for  the 
collection  and  distribution  of  new  books,  British  and  Foreign. 
The  publication  of  the  works  of  Barrow  and  Wallis  and  other 
authors  was  arranged  by  him,  and  he  supervised  them  while 
they  were  passing  through  the  press.  He  writes  to  Wallis 
(Rignud,  v.  ii,  p.  468)  : 

Mr.  Pitts,  a  stationer  in  Little  Britain  (of  whom  I  can  give  no 
other  than  a  good  character),  understanding  from  Mr.  Branker, 
a  late  fellow  of  Exeter  College,  who  now  lives  with  Lord  Brereton 
in  Cheshire,  that  you  had  prepared  sundry  tracts  for  the  press, 
is  very  desirous  to  undertake  any  of  them  and  to  treat  with  you 
for  that  purpose,  promising  that  they  shall  come  out  on  very 
good  paper  like  Schooten's  Miscellanies,  and  the  cuts  to  be 
suitable  thereto,  which  may  be  done  by  Mr.  Marke,  and  indeed 
passing  by  morning  and  night,  and  at  noon  too,  if  need  require, 
I  should  afford  my  endeavour  to  have  it  carefully  corrected. 

The  position  of  Collins  as  a  medium  of  communication  was 
so  generally  accepted  that  mathematicians  writing  to  one 
another  sent  their  letters  through  Collins  with  the  view  of 
ensuring  their  general  circulation ;  and  in  that  age  of  mutual 
jealousies  and  suspicious,  particularly  between  British  and 
Foreign  writers,  there  can  be  no  doubt  that  in  taking  this 
course  they  were  also  influenced  by  the  desire  that  the  credit 
of  their  original  work  should  be  secured  to  them  and  placed 
upon  record  by  his  impartial  and  disinterested  authority. 
Thus  Wallis,  writing  in  1676,  sends  to  Collins  a  long  Latin 
etter  which  is  meant  for  transmission  abroad  to  Tschirnhaus, 
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and  with  it,  in  merciful  consideration  for  Collins's  weak 
Latinity,  an  English  translation.  Some  remarks  of  Wallis  in 
a  P.S.  as  to  the  printing  of  letters  probably  refer  to  their 
publication  in  the  "  Philosophical  Transactions "  issued 
periodically  by  the  Royal  Society.  He  says  (Rigaud,  v.  ii, 
p.  600)  : 

Mr.  Baker's  (letter)  I  doubt  is  too  long  to  transcribe.  I  had 
rather  see  it  in  print  ;  and  Mr.  Newton's  also.  As  to  our 
correspondence  with  the  French  I  like  it  best  when  it  is  done  in 
print,  they  being  apt  to  be  disingenuous  in  claiming  all  for  their 
own  which  they  have  from  hence,  without  owning  whence  they 
have  it. 

Collins's  collection  of  letters  passed,  25  years  after  his 
death,  into  the  hands  of  William  Jones,  to  whom  the 
publication  of  Newton's  "Method  of  Differences"  was  due. 
William  Jones  was  tutor  to  George  Parker,  afterwards  second 
Earl  of  Macclesfield  and  President  of  the  Royal  Society,  and 
lived  for  many  years  with  him  as  a  member  of  his  family.  In 
this  way  the  Collins  papers  came  into  possession  of  the  Earl 
of  Macclesfield  and  are  usually  known  as  the  Macclesfield 
Collection.  They  were  edited  in  1841  by  S.  J.  Rigaud  and 
published  under  the  title  of  "Correspondence  of  Scientific 
Men  of  the  17th  Century."  It  should  be  mentioned,  however, 
that  the  series  of  letters  in  the  Macclesfield  Collection  and  in 
Rigaud' s  volumes  is  not  complete.  After  the  death  of  James 
Gregory,  the  letters  received  from  him  were  deposited  with 
the  Royal  Society  by  Collins,  who  retained  only  copies  and 
rough  notes  of  some  of  them.  The  documents  deposited  with 
the  Royal  Society  were  used  in  the  compilation  of  the 
Commercium  Epistolicum,  and  from  that  source  it  is  possible 
to  supplement  the  information  which  can  be  gained  from 
Rigaud's  two  volumes. 

Collins  was  first  brought  into  touch  with  Newton  by 
Barrow,  who,  being  solicitous  that  Newton  should  not  lose  the 
credit  of  his  early  discoveries,  adopted  the  recognized  method 
of  securing  publicity  and  wrote  to  Collins  the  following  letters 
which  are  numbered  I,  II  and  III  in  the  Commercium 
Epistolicum.  That  compilation  is  entirely  in  Latin,  and  I 
have  translated  the  portions  which  are  here  quoted. 

I.— 20  June  1669. 
A  friend  of  mine  in  residence  here,  who  possesses  uncommon 
ability  in  these  matters,  handed  me  the  day  before  yesterday 
some  papers  in  which  he  described  methods  of  computing  the 
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dimensions  of  magnitudes,  similar  to  the  method  used  by  Mercator 
for  the  hyperbola  but  much  more  general ;  and  these  methods 
serve  also  for  the  solution  of  equations  ;  I  think  they  will  please 
you  and  I  will  send  them  with  my  next  letter. 

II.— 31  July  1669. 
I  send  you,  as  promised,  my  friend's  papers,  which,  as  I 
hope,  will  afford  you  no  little  pleasure.  Send  them  back  I  beg, 
when  you  have  read  as  much  of  them  as  you  desire,  for  he  made 
this  stipulation  when  I  first  asked  for  permission  to  communicate 
them  to  you.  I  adjure  you,  therefore,  let  me  know  that  you 
have  received  them  ;  I  am  anxious  because  I  have  taken  the 
risk  of  sending  them  by  the  public  carrier  so  as  to  comply  with 
your  wishes  as  quickly  as  possible. 

III.— 20  August  1669. 
I  am  glad  my  friend's  papers  have  pleased  you.  His  name  is 
NeAvton,  a  Fellow  of  our  College,  and  a  young  man,  being  still 
only  in  the  year  following  that  in  which  he  took  the  Degree  of 
Master  of  Arts  ;  he  has  made  very  great  progress  in  this  subject, 
in  which  he  has  uncommon  ability.  Communicate  the  papers 
if  you  wish  to  our  noble  friend,  Viscount  Brounker.* 

Collins  immediately  entered  into  a  correspondence  with 
Newton,  and  on  the  19  January  1670,  Newton  writes  to  him 
as  follows  (Rigaud,  v.  ii,  p.  281)  : 

I  received  Dr.  Wallis  his  Mechanics,  which  you  sent  to 
Mr.  Barrow  for  me.  I  must  needs  acknowledge  you  more  than 
ordinarily  obliging  and  myself  puzzled  how  I  shall  quit  courtesies. 

The  problems  you  proposed  to  me  I  have  considered,  and 
send  you  herewith  the  best  solutions  of  one  of  them  that  I  can 
contrive  ;  namely,  how  to  find  the  aggregate  of  a  series  of 
fractions,  whose  numerators  are  the  same  and  their  denominators 
in  arithmetical  progression  

He  proceeds  to  discuss  this  question  at  length.  Rigaud 
dates  this  letter  1669;  but  it  is  clear  from  the  reference  to 
Wallis's  Mechanics  that  the  year  is  wrongly  given  and  should 
be  1670.  In  dealing  with  the  correspondence  of  that  period 
caution  is  always  necessary  in  considering  letters  dated  in  the 
early  part  of  any  year  on  account  of  the  confusion  of  the  old 
and  new  styles.  The  work  mentioned  was  seen  through  the 
press  for  Wallis  by  Collins,  and  Wallis  acknowledges  receipt 
of  the  earliest  copies  on  the  11  January  1669-70  (Higaud? 
v.  ii,  p  520).  There  is  the  same  confusion  as  to  the  date  of 
the  next  letter  from  Newton  to  Collins,  which  is  given  by 
Rigaud  as  6  February  1669,  but  should  be  6  February  1670. 
*  President  of  the  Royal  Society. 
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This  letter  (Rigaud,  v.  ii,  p.  287),  in  which  Newton  gives  an 
approximate  solution  of  the  problem  of  determining  the  rate 
of  interest  in  an  annuity  has  been  quoted  and  discussed  by 
De  Morgan  (J. LA.,  vol.  viii,  p.  64). 

Then  comes  a  letter  from  Newton  to  Collins,  the  date  of 
which  is  clearly  expressed  as  18  February  1669-70  (Rigaud, 
y.  ii,  p.  296).    I  give  the  letter  in  full  : 

Sir,  Two  days  since,  I  received  yours  and  Mr.  Dary's  letter 
with  the  book,  for  which  I  thank  Mr.  Dary  and  have  herein 
enclosed  sent  him  my  thoughts  of  what  he  desired.  That  solution 
of  the  annuity  problem,  if  it  will  be  of  any  use,  you  have  my 
leave  to  insert  it  into  the  Philosophical  Transactions,  so  it  be 
without  my  name  to  it.  For  I  see  not  what  there  is  desirable 
in  public  esteem,  were  I  able  to  acquire  and  maintain  it.  It 
would  perhaps  increase  my  acquaintance,  the  thing  which  I 
chiefly  study  to  decline.  Of  that  problem  I  could  give  exacter 
solutions,  but  that  I  have  no  leisure  at  present  for  computations. 
I  now  see  a  way,  too,  how  the  aggregate  of  the  terms  of  musical 
progressions  may  be  found  (much  after  the  same  manner),  by 
logarithms,  but  the  calculation  for  finding  out  these  rules  would 
be  still  more  troublesome  and  I  shall  rather  stay  till  you  have 
leisure  to  do  me  the  favour  of  communicating  what  you  have 
already  composed  on  that  subject. 

De  Morgan,  who  drew  up  the  useful  table  of  contents  to 
Rigaud's  volumes  (Rigaud,  v.  ii,  p.  611-644),  remarks  on  this 
letter  that  it  is  "  one  of  the  earliest  evidences  of  Newton's* 
temperament  on  the  publication  of  discoveries. "  Some  years 
later,  Newton  writes  to  Collins  in  a  letter  dated  8  November 
1676  (Rigaud,  v.  ii,  p.  403)  :  "  I  have  learned  what  is  to  my 
convenience,  which  is  to  let  what  I  write  lie  by  till  I  am  out 
of  the  way  "  ;  and  there  is  no  doubt  of  his  morbid  shrinking 
from  publicity.  Much  of  Newton's  work  would  have  been 
lost  to  the  world  and  much  would  have  been  credited  to  other 
people  but  for  the  assiduous  efforts  of  Collins,  as  well  as  of 
other  friends,  in  gathering  and  disseminating  information  as 
to  what  he  had  done. 

Collins  had  mentioned  Newton's  name  to  Gregory  in  a 
letter  dated  25  November  1669,  which  does  not  appear  in  the 
Macclesfield  correspondence,  but  is  given  as  Item  No.  XIY  in 
the  Commercium  Epistolicum,  as  follows  : 

Barrow  has  handed  over  his  position  as  public  lecturer  to  a 
young  Cantab  named  Newton,  who  has  been  mentioned  by  him 
as  a  man  of  the  finest  ability  in  the  preface  to  his  Optical 
Lectures  ;   and   who   before   the   appearance    of  Mercator's 
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Logarithmotechnia  had  hit  upon  the  same  method  and  applied 
it  in  a  general  manner  to  all  curves,  and  in  a  variety  of  ways  to 
the  circle. 

At  this  point  there  is  a  gap  in  the  correspondence,  but 
what  happened  is  clear  from  later  letters.  Gregory  had 
expressed  a  strong  desire  for  further  information  about 
Newton's  work  (see  his  letter  of  23  November  1670,  given 
later)  ;  and  Collins  writing  on  the  24  December  1670  (Comm. 
Epistolicum,  XIX)  recalls  that  : 

When  Mr.  Dary  published  his  Miscellanea  (1669)  he  sent  a 
copy  to  Newton,  who  in  return  gave  the  said  Dary  a  series  for 
the  zone  of  a  circle  which  I  sent  to  you.  Without  any  doubt 
this  is  a  legitimate  and  excellent  series.  Through  the  good 
offices  of  Barrow  I  received  a  number  of  other  series,  derived 
from  Newton's  general  method  

Newton's  acknowledgment  of  Davy's  book  has  alveady 
been  given  above.  Davy,  who  was  a  gauger  in  Bvistol  and 
aftevwavds  in  Newcastle,  had  considerable  mathematical 
ability,  and  his  interesting  method  of  obtaining  approximate 
numerical  solutions  of  equations  has  recently  been  vevived  by 
Siv  Ronald  Ross.  The  sevies  which  Newton  sent  to  Davy  and 
which  Collins  sent  along  with  othev  sevies  to  Gvegovy  is 
vecovded  by  Gvegovy  in  a  lettev  dated  20  Apvil  1670  (Comm. 
Epistolicum,  XV)  : 

I  cannot  understand  the  series  sent  by  you  for  the  zone  of 
a  circle,  namely : 

nDT)  _  B^5  _    B°        B'    _  _5B9  a 
3R     20R3     56R5     576R7  ' 

If  this  be  correctly  transcribed  I  suspect  that  it  is  not  a 
legitimate  series. 

If  x  be  written  for  the  expression  quoted  above  by 
Gregory  takes  the  form 

2R"  •  V"-  2  r  ~  8  5  128  9  )>  &c" 

and  the  history  of  the  discovery  of  the  series  within  the 
brackets,  which  expresses  the  integral  of  (1— a,'2)  *,  was  given 
by  Newton  in  his  letter  to  Leibnitz  of  24  October  1676,  of 
which  I  have  given  a  translation  in  a  previous  contribution. 
It  will  be  remembered  that  this  was  the  very  first  series 
obtained  by  Newton  and  that  it  was  immediately  connected 
with  the  discovery  of  the  Binomial  Theorem.    That  it  continued 
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to  be  for  some  time  a  puzzle  to  Gregory  is  shown  by  the 
following  extract  from  his  letter  of  23  November  1670  to 
Collins  (Rigand,  v.  ii,  p.  2C3)  : 

I  suppose  these  series  I  send  you  here  enclosed  may  have 
some  affinity  with  those  inventions  you  advertise  me  that 
Mr.  Newton  had  discovered.  It  was  upon  this  account  I  so  often 
desired  you  to  communicate  the  same  unto  me.  I  shall  also 
give  here  an  approximation  for  the  sines. 

It  is  unnecessary  to  reproduce  the  approximation  here. 
He  continues  :  * 

It  were  no  hard  matter  to  bring  from  these  several  approxi- 
mations for  the  segments  of  a  circle,  but  it  were  to  no  purpose 
seeing  I  cannot  take  away  the  alternate  powers  as  Mr.  Newton 
doth  in  his  series  (if  it  be  one,  for  the  truth  is  I  cannot  reduce  it 
to  any  of  mine),  yet  I  imagine  that  my  series  may  be  as  shortly 
performed  as  his,  seeing  that  my  continued  proportion  (caeteris 
paribus)  is  much  greater  than  his,  and  hence  the  terms  of  the 
series  vanish  much  more  quickly  

The  letter  from  which  this  extract  is  taken  must  have  been 
a  communication  of  great  length.  Unfortunately  the  original 
has  disappeared,  and  we  have  only  extracts  made  by  Collins 
which  occupy  more  than  ten  pages,  of  Rigaud.  From  a 
comparison  with  portions  oh'  the  same  letter  quoted  in  the 
Commercium  Epistolicum  it  would  appear  that  the  original 
was  in  Latin  ;  but  Collins's  extracts,  which  have  the  character 
of  rough  notes  made  for  his  personal  use,  are  partly  in  English 
and  partly  in  Latin,  half  a  sentence  sometimes  being  in  one 
language  and  half  in  the  other.  In  my  quotations  from  Rigaud 
I  have  turned  the  Latin  wherever  it  occurs  into  English. 

The  following  portions  of  the  letter  are  of  special  interest 
because  they  constitute  the  evidence  which  is  adduced  to 
prove  the  priority  of  Gregory's  discovery  of  the  fundamental 
formula  of  interpolation  (Rigaud,  v.  ii,  p.  208)  : 

A  method  of  interpolation. 

In  the  end  of  my  Geometrical  Exercitations  I  fail  exceedingly 

 and  hence  in  place  of  anything  I  have  described  there, 

if  we  put 

AP=PO=c 
PB  =  d 

and  make  the  leading  terms  of  the  1st,  2nd,  3rd,  4th,  5th, 
differences  =  /,  h,  i,  I;  I,  then  taking  all  the  differences  to  be  of 
the  positive  sign,  ABP  will  be 

dc      fr      he     19ic      Uc      8Q3le    t      .    .v  j.  \. 

=  -r  -  h       -  — — -  H   ,  eve,  in  infinitum. 

2      12     24     720     164     60480  J 
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However  the  differences  be  affected  I  can  easily  square  the  figure, 
and  by  this  means  all  figures  imaginable.  I  cannot  also  but 
advertise  you  that  Mr.  Mercator's  quadrature  of  the  hyperbola 
is  a  consectary  of  this. 

I  remember  you  did  once  desire  of  me  my  method  of  finding 
the  proportional  part  in  tables,  which  is  this.  In  figure  8  of  my 
Exercitations  in  the  straight  line  AI  let  there  be  imagined  a  part 
Aa  to  which  ay  is  perpendicular,  y  being  on  the  curve  ABH. 
Giving  the  same  meanings  as  before  to  the  letters  d,  f,  h,  i,  k,  I, 

let  there  be  an  infinite  series,  - — - — —  ,  - — &c.  ;  then 

c     2c        3c  4c 

calling   the    product  of   the   first  2  terms,  -  ;    of  the  first 

c 

3  terms,  -  :  of  the  first  4  terms,  - ;  of  the  first  5  terms,  -  ,  &c. 
c  c  c 

in  infinitum, ;  the  straight  line  ay  will  be  =  a<^  +  —  +  —  +  -  + , 

c      c      c  3 

&c,  ad  infinitum.  This  method,  as  I  apprehend,  is  both  more 
easy  and  universal  than  either  that  of  Briggs,  &c,  and  also 
performed  without  tables. 

The  diagram  used  by  Gregory  is  not  given  but  can  easily 
be  imagined.  AB  is  a  curve  of  which  the  end  A  is  at  the 
origin  of  the  axes  of  co-ordinates,  PB  is  the  ordinate  at  the 
point  P,  and  c  is  the  common  distance  between  the  ordinates. 
If  we  write  v,  Av,  A2v,  A3v,  A4v,  A5v,  in  place  of  d,  f,  h,  i,  h,  I, 
Gregory's  formula  for  the  area  ABP  in  the  first  part  of  the 
above  extract  becomes 

h       1  v        1  Ao       19  AQ       3    .         863   A.      \  0 
<2V-nAv  +  24  mA  V+  ^       60480^  +  }  &C" 

The  expression  within  brackets,  after  altering  in  the 
denominator  of  the  5th  term  164  to  160,  is  the  integral 
between  the  limits  0  and  1  of  the  series. 

X,v  +  X2Av  +  X3A2r  +  X,A3v  +  X5A4v  +  X6A5v  + ,  &c, 
where  Xw  stands  for 

X(X-l)(X-2)-  (X-71+1) 

b 

The  relationship  of  this  series  to  the  fundamental  interpo- 
lation formula  of  Newton, 

u0  -f  xAu0  +  cc2Ahi0  +  x3A3u0  +  sc4 A4u0  + ,  &c, 

is  seen  at  once  when  we  remember  that  Gregory  arranged  his 
diagram  so  that  u0  should  be  zero,  and  that  he  accordingly 
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made  A?/0  the  last  term  of  the  series  of  primary  values. 
Writing  Au  =  v,  Gregory's  form  is  at  once  obtained. 

In  the  second  part  of  the  extract,  a  is  the  length  of  the 
abscissa  Aa,  and  when  we  make  the  same  substitution  as  above 

and  write  x  for  - ,  his  formula  for  the  ordinate  ay  takes  the 
form  (x v  +  ,r2A  v  +  x3 A2r  +  xJ±H  + ),  &c 

which,  as  we  have  just  pointed  out,  is  the  equivalent,  on 
Gregory's  assumption,  of  the  Newtonian  form 

u0  +  xAu0-}-x2A2u0-\- ,  &c. 

In  the  next  extract  Gregory  gives  the  Binomial  Theorem 
(Rigaud,  v.  ii,  p.  209)  : 

To  find  the  number  of  a  logarithm. 

The  logarithms  of  the  two  numbers  b  and  b  +  d  being  e  and 
e  +  c,  it  is  required  to  find  the  number  whose  logarithm  is  e  +  a. 

Let  there  be  a  series  of  continued  proportionals,  b,  d,  — , 

b 

d3    P  j        ,  i  .      a    a  -  c    a  -  2c    a  -  3c  p 

-j ,  <vc  and  another  series,  - ,  ,   ,   ,  &c.  ; 

b  c     2c        3c  4c 

f 

and  let  the  product  of  the  first  two  terms  of  this  series  be  - ;  of  the 

c 

first  three,       of  the  first  four,  -;  of  the  first  five,      &c,  the 

c  c  c 

number  whose  logarithm  is  e  +  a  will  be 

I     ad     fd2     go?     hd*     id5     bf  B 
c      go      co       clr     cb  cb° 

Hence  by  the  application  of  a  little  industry,  any  pure  equation 
is  solved  without  any  trouble. 

Here,  if  we  take  g  as  the  base  of  logarithms,  ge=b,  and 
ge+c  =  b  +  d,  so    that    gc  =  l+-^.     The   number    sought  is 

ge+a  =  b  x  ga  =  b(j.  +  and  writing  n  for  ^  and  x  for 

Gregory's  formula  is 

6(1  +71)*= 6(1  +  xxn  +  x2n2  +  x3ri*  + ),  &c. 

By  a  pure  equation  is  meant  such  an  equation  as  xn=a,  where 
to  find  x  all  that  is  required  is  the  extraction  of  the  ?ith  root 
of  a.  Equations  involving  two  or  more  different  powers  of 
the  unknown  quantity  were  called  affected  equations. 
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Next  follows  the  solution  of  a  question  in  Compound 
Interest  which  had  been  put  to  Gregory  by  Collins  (Rigaud, 
v.  ii,  p.  210): 

An  example  was  desired  about  finding  the  first  of  364  means 
between  100  and  106. 

Put  h  =100 
d=  6 

e=  0 
a=  1 
c  =  365 

L      ,   .       ■  '  •    inn    a     36       216        1,296  , 

Ine  first  series  is   100,   b,  ,   ,  ,  and 

'     '   100    10,000'  1,000,000' 

these  4  terms  are  the  1st,  2nd,  3rd,  and  4th  differences. 

™  ,       ,      .      1         364       729        1094  . 

Ine   second   series   is    — ,  -  - — ,  ,  ,  cvc 

365       730       1095  1460' 

tt         /  182       q       132678  ,  „  , 

Hence,    -  =  -  —  :   -  =  — -       ——  ;  it  follows  therefore 

c        133225'    c  145881375' 

from  what  precedes 

h=\00  =  100- 

qd  =   6  =  -01647123 

c  ~  365 
fd'1  655*2 

74  =  ™£=L_  =  _  -00049199 

cb  13322500 

gd?  =       28,658,448  -00001964 
cb2  ~  1,458,813,750,000 

all  of  which  added  together  make  the 

mean  proportional  sought  =  100-0159919 

The  first  term  of  the  second  series  is  given  in  Rigaud 

as  o7^  ?  but  it  is  clear  that  this  is  an  error. 
3b4 

i 

The  value  required  is  that  of  100  x  (1  +  06)365,  and  the 
actual  sum  of  the  numbers  given  above  is  100  0159989. 
There  are  however  errors  in  the  work  and  a  sufficient  number 
of  terms  is  not  taken.  The  corrected  figures  and  the  figures 
of  the  additional  terms  are  as  follows  : 

100- 

•01643836 
-  00049180 
•0000196.-) 
-•00000088 
•00000004 


100  0l5&6o87 
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The  student  who  cares  to  verify  the  calculation  Avill  find  it 
convenient  to  make  use  of  Erskine  Scott's  10  place  logarithms 
(2nd  edition,  1892,  pp.  386  and  392). 

The  final  extract  from  the  same  letter  is  the  fully  worked 
out  example  which  was  mentioned  by  my  Edinburgh  critic 
(Rigaud,  v.  ii,  p.  211) : 

An  example  of  interpolations. 
The  cube  of  the  number  23  is  required. 


Number 

Cubes 

1st  Diff. 

2nd  Diff. 

3rd  Diff. 

10 

1000 

2375 

15 

3375 

2250 

4625 

750 

20 

8000 

3000 

7625 

750 

25 

15625 

3750 

11375 

30 

27000 

c  =  5 

a  =  23  -  10  =  13 
<Z  =  2375 
/=2250 
h  =  750 

rp,  .     a   a  -  c    p      .1341  1 

lne  minute  series    ,  dec.,  is  — ,  -,  -.  — 

c      2c  5    5   5  10 


The  products  are 
And 


13   52     52  26 


5  ' 

25 1  125' 

625' 

1000  = 

1,000 

13 

5 

x  2375  = 

6,175 

52 
25 

x  2250  = 

4,680 

52 

1  O  K 

x   750  = 

312 

125 


Cube  of  23  =  12,167 


Gregory's  next  letter,  dated  19  December  1670,  is  of 
extreme  importance.  After  despatching  his  communication 
of  23  November  from  which  the  above  extracts  have  been 
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taken,  he  returned  to  that  series  of  Newton's  which  had  so 
greatly  baffled  and  perplexed  him,  and  this  time  light  broke 
upon  his  mind.  In  the  version  of  the  letter  given  by  Rigaud, 
from  a  paper  in  the  handwriting  of  Collins,  the  word 
"  consectary "  which  occurs  here  and  in  other  parts  of  the 
correspondence  is  a  transference  into  English  of  the  Latin 
consectarium  which  has  the  meaning  of  a  necessary 
consequence.  The  reference  to  the  proposition  concerning 
Logarithms  is  to  the  extract  given  above  from  the  November 
letter  in  which,  as  I  have  pointed  out,  Gregory  had 
propounded  what  is  in  effect  the  Binomial  Theorem.  The 
letter  as  given  by  Rigaud  (v.  ii,  p.  212)  runs  as  follows: 

Sir,  In  my  last  to  you  I  had  not  taken  notice  that  Mr.  Newton's 
series  for  the  zones  of  a  circle  (which  you  sent  me  a  long  time 
ago),  together  with  an  infinite  number  of  series  of  the  like  nature 
may  be  a  consectary  to  that  which  I  sent  you  concerning 
logarithms  ;  namely,  given  a  logarithm  to  find  its  number,  or 
to  convert  the  root  of  any  pure  power  into  an  infinite  series. 

I  admire  much  my  own  dulness,  that  in  such  a  considerable 
time  I  had  not  taken  notice  of  this  ;  nevertheless  that  I  had 
taken  much  pains  to  find  out  that  series.  But  the  truth  is,  I 
thought  always  (if  so  be  it  were  a  series)  that  I  might  fall  upon  it 
by  some  combination  of  my  series  for  the  circle,  seeing  I  had  such 
infinite  numbers  of  them,  not  so  much  as  once  desiring  any  other 
method. 

Putting  R  for  the  radius  and  B  for  the  breadth  of  the  zone, 
the  area  thereof  producing  the  series  a  little  further  is,  namely, 

EB_  B3  _  JB^  _   B7        5B9   _  7B11 
3R     20R3     56R5     576R7  1408R? 


2  IB13  11B15 


&c. 


6656R11  5120R18 

On  the  same  suppositions  the  arc  whose  sine  is  B 

 x>  ■   B3^      3B5  ^   5B*_      35B9  „ 

"J3+  6R2  +  40R4  +  112R6  +  1152R8  +'    C'  . 

I  could  give  you  several  other  series  of  this  nature  but  per- 
chance you  know  more  of  them  than  myself  

The  muffled  English  of  this  version  by  Collins  gives  no 
idea  of  the  vigour  and  vividness  of  the  original  letter  in  Latin 
which  has  fortunately  been  preserved  in  the '  Commercium 
Epistolicum  (No.  XVIII),  and  is  there  stated  to  be  taken  from 
Gregory's  autograph.  On  account  of  the  interest  and 
importance  of  the  letter  I  give  the  original  Latin  : 
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Quum  postremas  ad  te  dedi  literas,  nondum  animadvertissem 
D.  Newtoni  seriem  de  circuli  zonis,  quani  jamdudum  ad  me 
misisti,  una  cum  infinito  istiusmodi  serierum  numero,  consec- 
tarium  illius  esse  posse,  quam  misi  de  logarithmis  ;  nempe  dato 
logarithmo  invenire  ejus  numerum ;  vel  radicem  potestatis 
eujuscunque  purae  in  infinitam  seriem  permutare. 

Me  sane  tarn  tardi  fuisse  ingenii  miror  ;  qui  tanto  temporis 
spatio  hoc  non  animadverteram,  quum  tamen  multum  olei  et 
operae  in  ista  serie  expiscanda  impenderam.  At  ut  ingenue 
fateor,  semper  in  animum  induxeram,  si  modo  series  esset,  me 
in  earn  incidere  posse,  ope  aliquarum  e  seriebus  meis  pro  circulo 
inter  se  eombinatis  quarum  quidem  plurimas  ad  manus  habeo  ; 

neque   ullam  aliam   desideraram   methodum   Plures 

hujuscemodi  series  proferre  possem,  sed  tu  fortasse  plus  meipso 
de  his  rebus  nosti  

"Me  sane  tara  tardi  fuisse  ingenii":  He  reviles  himself 
as  heartily  as  a  golfer  who  suddenly  discovers  that  he  has 
played  on  to  the  wrong  green. 

This  letter  was  a  frank  acknowledgment  of  Newton's 
priority,  and  Gregory  made  no  subsequent  claim  to  any  credit 
for  his  independent  discovery. 

Hutton  in  his  Mathematical  and  Philosophical  Dictionary 
gives  the  version  of  the  story  preserved  in  Gregory's  family 
as  communicated  to  him  by  Professor  Thomas  Keid,  who  has 
already  been  mentioned  as  one  of  Gregory's  collateral 
descendants.    He  says  : 

That  in  1670  having  received  in  a  letter  from  Collins  a  series 
for  the  area  of  the  zone  of  a  circle,  and  as  Newton  had  invented 
an  universal  method  by  which  he  could  square  all  curves, 
Geometrical  and  Mechanical,  by  infinite  series  of  that  kind, 
Gregory  after  much  thought  discovered  the  universal  method  or 
an  equivalent  one.  Of  this  he  perfectly  satisfied  Newton  and 
the  other  mathematicians  of  that  time,  by  a  letter  to  Collins  in 
February  1671.  He  was  strongly  solicited  by  his  brother  David 
to  publish  his  Universal  Method  of  Series  without  delay,  but 
excused  himself  upon  a  point  of  honour,  that  as  Newton  was  the 
first  inventor  and  as  he  had  been  led  to  it  by  an  account  of 
Newton's  having  such  a  method,  he  thought  himself  bound  to 
wait  till  Newton  should  publish  his  method.  I  have  seen  the 
letters  that  passed  between  the  brothers  on  this  subject. 

Reid  appears  to  have  made  a  slip  in  giving  February  1671 
instead  of  23  November  1670  as  the  date  of  Gregory's  letter 
to  Collins. 

Collins  himself  was  quite  clear  as  to  Newton's  priority. 
I  have  already  quoted  from  his  letter  of  24  December  1670  to 
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Gregory.  He  wrote  to  Bertet,  the  French  mathematician,  on 
21  February  1670-1  (Comm.  Epistolicum,  XXI)  : 

About  four  years  ago  a  general  analytical  method  was  dis- 
covered by  Isaac  Newton  for  the  quadrature  of  all  curves  

James  Gregory,  in  Scotland,  has  quite  recently  hit  upon  the  same 
method. 

On  the  30  July  1672  he  wrote  to  Newton  (Comm. 
Epistolicum,  XXV)  : 

I  believe  that  Gregory  has  expended  no  small  labour  in 
investigating  series  for  the  extraction  of  roots  in  (Algebraical) 
symbols  after  the  manner  used  by  Vieta  (in  numbers).  However, 
he  is  resolved  not  to  write  anything  on  the  subject  before  you, 
the  inventor  of  this  method,  have  made  public  your  own 
conclusion's,  but  is  intent  upon  other  subjects  in  the  meantime. 

On  the  26  July  1672  he  had  written  to  Strode  (Comm. 
Epistolicum,  XXIV)  : 

In  the  month  of  September  1668  Mercator  published  his 
Logarithmotechnia,  which  contains  an  example  of  this  method, 
i.e.,  of  infinite  series,  in  the  case  of  one  figure  only,  namely,  the 
quadrature  of  the  hyperbola.  Not  long  after  the  public  appear- 
ance of  that  book  I  sent  a  copy  to  Wallis  at  Oxford,  who  at  once 
gave  a  review  of  it  in  the  Philosophical  Transactions  ;  also  a 
copy  to  BarrowT  at  Cambridge,  and  in  return  he  immediately 
sent  some  papers  of  Newton,  who  had  just  succeeded  Barrow  in 
the  public  mathematical  lectures.  From  these  papers  and 
from  other  papers  previously  communicated  by  the  author  to 
Barrow,  it  appears  that  that  method  had  been  thought  out  by 
the  said  Newton  some  years  before,  and  had  been  applied  by 
him  in  a  universal  manner  ;  so  that  by  its  use  there  can  be 
obtained  for  any  curved  figure  that  may  be  proposed,  which  is 
defined  by  one  or  more  properties,  the  quadrature  or  area  of 
the  said  figure,  accurately  if  that  be  possible,  or  else  to  an 
infinitely  near  approximation  

After  Gregory  had  learned  that  this  method  used  by  Mercator 
in  the  Logarithmotechnia  and  employed  for  finding  the  area  of 
the  hyperbola,  which  Gregory  himself  had  augmented,  had  now 
been  generalized  and  applied  to  all  figures  ;  he  arrived  at  the 
same  result  by  intense  study  and  laboured  hard  in  expounding  it. 

Each  of  them,  Newton  and  Gregory,  has  the  intention  of 
elaborating  this  method.  But  Gregory  does  not  consider  it 
right  to  anticipate  Newton,  its  first  discoverer. 

Gregory  continued  to  correspond  with  Collins  until  the 
month  of  his  sudden  death;  through  Collins  he  was  in 
friendly  communication  with  Newton,  principally  on  the 
subject  of  the  telescope,  and  there  is  no  trace  of  any 
controversy  or  difference  between  them  on  the  matter  in 
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question.  They  do  not  appear  ever  to  have  met,  though 
Newton  in  a  letter  dated  September  1673,  understanding 
that  Gregory  was  then  in  London,  expresses  the  hope 
that  "  Mr.  Gregory  will  be  pleased  to  favor  me  with  a  visit " 
on  his  way  into  Scotland. 

There  is  one  point  on  which  it  may  be  useful  to  add 
a  remark.  Gregory  in  his  letter  of  23  November  1670 
incidentally  gave  the  Binomial  Theorem  as  a  particular  case 
of  his  general  interpolation  formula.  It  was  a  perfectly 
familiar  idea  to  the  mathematicians  of  the  time  that  the 
coefficients  of  the  powers  of  x  in  the  expansion  of  (a  +  oc)", 
were  identical  with  the  coefficients  in  the  expression  for  un  in 
terms  of  a0  and  its  differences,  the  coefficients  being  taken 
from  a  table  of  figurate  numbers.  Mercator  in  his 
Logarithmotechnia,  which  we  know  to  have  been  in  the  hands 
both  of  Gregory  and  of  Newton,  after  describing  how  to 
obtain  the  expression  for  unj  says  that  the  table  of  figurate 
numbers  provides  the  necessary  coefficients  "in  just  the  same 
"way  as  the  same  figurate  numbers  provide  the  coefficients 
"  of  the  powers  generated  from  a  binomial  expression^;  and 
Mercator  was  simply  expounding  the  common  knowledge  of 
his  time. 

But  the  table  of  figurate  numbers  did  not  enable 
mathematicians  to  deal  with  other  than  integral  values  of  n. 
The  general  formula  for  the  coefficients  was  not  known;  and 
it  was  by  enunciating  the  general  formula  that  Newton,  and 
after  him  Gregory,  made  the  great  step  forward  which  enabled 
them  at  one  and  the  same  time  to  express  the  fractional 
powers  of  a  Binomial  in  an  infinite  series  and  to  obtain  the 
general  interpolation  formula  of  Finite  Differences. 


A  Note  on  Mr.  King's  method  of  Graduation  and  its  relation 
to  Graphic  Method.    By  G.  Udny  Yule,  M.A.,  C.B.E. 

TrlE  method  of  graduation  to  which  I  refer  is  that  described 
by  Mr.  King  in  J.I.A.,  vol.  xliii,  pp.  109  et  seq.  (cf.  especially 
§§  8-14),  and  used  by  him  for  the  graduation  of  ages  at  the 
Census  of  England  and  Wales,  1911,  and  in  the  construction 
of  English  Life  Tables  No.  7  and  No.  8,  and  others  included 
in  Cd.  7512,  1914. 

In  Mr.  King's  notation  u  is  the  function  to  be  graduated, 
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say,  numbers  at  single  years  of  age,  w  denotes  the  sum  of,  say, 
five  values  of  u,  w0  being  the  sum  of  u(),  ul}  u2,  u3,  u4;  w5  the 
sum  of  u5,  u6,  %,  u8,  u9;  and  so  on.  Then  we  have 
approximately  for  a  graduated  central  value  of  u, 

u7  =  '2w5-'008A*w0  (1) 

The  result  can  obviously  be  generalized  without  any 
difficulty.  Following  Mr.  King's  method,  let  y  be  the  finite 
integral  of  u  taken  negatively,  so  that  yt=zut  +  ut+x  + ,  &c. 
Let  wt  denote  the  sum  of  x  values  of  u,  beginning  with  ut. 
For  the  purpose  of  differencing  let  x  be  regarded  as  a  unit,  so 
that  Ay0,  A2//0,  A3t/0  denote  the  differences  of  y  obtained  from 
Vo,  yx,  y2r,  •  •  •  Then 

3a*- 1  .        (Sx-l){x-l)  A9 

y^  =yo+  -^Ayo+  — ^ — ^ 

2x 

(3^-1)^-1)^  +  1)  A3 


48^3 

y3x+i= yo  +  -  2x  -  &yo  +  •  ^  ^ 

2x 

(3g+l)(*+l)(s-l)A, 

Whence,  for  the  central  value  of  u  determined  from  three 
groups  of  x  years  each,  we  have 

U3x-l  =y  3x-l  ~^3.r+l 

2  2x  '2x 


1  .        1        ,  a2-l  . 


1  1  «372—  ] 


a?  a? 


i  *s-iA2 


or,  as  I  prefer  to  write  it 

^=H-SA2H  •  •  •  •  w 

In  this  expression  the  first  term,  the  average  value  of  u 
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over  the  interval,  may  be  regarded  as  a  first  approximation  to 
the  central  value,  the  second  term  as  a  correction.  Obviously 
the  central  value  of  u  will  not  correspond  to  an  integral  year 
unless  x  is  odd  :  if  cc  is  even,  the  central  value  falls  between 
two  years.  The  coefficient  of  the  second  term  for  x  =  2  is  1/32 
and  rapidly  approaches  its  limiting  value  of  1/24  as  x  increases. 
The  values  are  : 


Coefficient  of  A"£"UJ 

As  fraction 

As  decimal 

2 

1/32 

•03125 

3 

1/27 

0370370 

4 

15/381 

■0390625 

5 

1/25 

•04 

6 

35/864 

0405093 

7 

2/49 

•010S163 

8 

63/1536 

•0410156 

9 

10  213 

•0441523 

10 

99/2400 

•  11125 

11 

5/121 

0113223 

Limit 

1/24 

•0116667 

In  its  general  form  the  correction  is  closely  related  to  a 
graphic  method  given  many  years  since  by  Lord  Rayleigh 
(Phil.  Mag.,  vol.  xlii,  1871,  pp.  441-4,  and  Collected  Papers, 
vol.  i,  p.  135,  "  on  a  correction  sometimes  required  in  curves 
professing  to  represent  the  connection  between  two  physical 
"  magnitudes  ").  The  correction  is  this.  Plot  the  curve  given 
by  the  quantities  like  w/x,  i.e.,  values  averaged  over  a  range, 
say,  +  h  :  such  values  might  be  given,  for  example  by  a  line 
thermopile  of  width  2h  used  to  measure  temperature  along  a 
spectrum.  Let  R  (Fig-  1)  be  any  point  on  the  false  curve  so 
obtained.  Let  PM,  QN"  be  ordinates  at  the  distances  +h 
from  the  ordinate  Rm.  Join  PQ  cutting  ~Rm  in  S.  Take  Hp 
equal  to  one-third  of  RS.  Then  p  is  the  corrected  point, 
p  and  S  always  lying  on  opposite  sides  of  R,  It  will  be  noted 
that  in  this  construction  PM  aud  QN  are,  in  the  actuarial  case, 
unknown  quantities,  representing  bounding  ordinates  of  a 
w-group.  In  Lord  Rayleiglr's  case,  since  many  values — 
overlapping  values — of  wjx  are  obtained  by  observation,  the 
ordinates  may  be  supposed  for  graphic  purposes  to  be  known. 
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The  proof  given  is  as  follows  :  Let  y  denote  an  ordinate  of 
the  true  cnrve  ;  then 

where  y0  is  the  ordinate  of  the  true  curve  at  m  and  xQ  is  the 
abscissa  of  m.    That  is 

oly  h2d2y\ 
area  =  2^0+-^j. 

But  if  y'  be  the  ordinate  of  the  observed  curve,  by  definition 
we  must  have  2hy'0  equal  to  this  area.    That  is 

h2  d2u 


and,  generally, 
Hence 


h2  d2y 

d2]^_<¥y  h2d*y 
dx2  ~  dx2  +  "6  dtf 


W(d?y\  _  W/d2y'     h2  d4f 


G\dxV     6\dx2      6  dx') 

h2  d2y' 
6  dx2 
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if  we  may  neglect  the  term  in  7i4.    Whence  finally 

Bin  Sm=i(PM  +  QN) 

dy' ,     d2;/'  lr 


If  ,      du '       d'2i/  k 
\(  ,     dy'  dty'l 


Therefore,  since  S??i  =  ///0  —  RS, 


yn  =  y'o  +  |RS  (5) 


As  pointed  out  above,  to  get  this  correction  Lord  Rayleigh 
used  two  points  which,  in  the  actuarial  case,  cannot  be 
supposed  to  be  known.  Let  the  figure  be  extended,  and  let 
AB,  CD  (Fig.  2)  be  the  ordinates  of  the  "  false  curve "  at 
distances  of  +  2h  from  Rra.  By  the  same  line  of  argument, 
if  we  may  still  neglect  powers  of  2h  beyond  the  second, 

corresponding  to  equation  (4)  above.  Whence 
RT=t/'o-Tm=-  f^-2fc2 

and  y0=y'0+  ^^T- 

This  is  the  limiting  value  of  Mr.  King's  correction.  Wre 
evidently  have  without  approximation,  if 

AB=  — .  Rm=^,  and  OD=^-r, 
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Hence  Lord  Rayleigh's  method  would  give  for  the  actuarial 
case  :  Erect  ordinates  at  equal  distances  giving  the  average 
number  of  persons  per  year  (wjx)  in  the  groups.  Let  AB, 
Rm,  CD,  be  three  successive  ordinates.  Join  AC  cutting  Rm 
in  T.  Produce  TR  by  1/12  of  itself  to  p,  then  p  is  a  point  on 
the  graduated  curve,  p  and  T  lying  on  opposite  sides  of  R. 

Mr.  King's  method,  applied  to  graphic  construction,  would 
only  substitute  for  the  fixed  coefficient  1/12  a  coefficient 
varying  with  the  number  of  years  in  the  group,  taking  the 
value  "08  for  a  five-year  group,  and  only  dropping  to  the  limit 
of  1/12  or  *08333  .  .  .  for  a  group  covering  an  indefinitely 
large  number  of  years  or  other  unitary  groups.  The  difference 
between  the  results  given  by  the  two  methods  on  a  graphic 
scale  would  usually  be  hardly  appreciable. 
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Actuarial  Aspects  of  Industrial  Assurance,  iviiJi  special  reference 
to  the  Report  of  the  Departmental  Committee  on  the 
Business  of  Industrial  Assurance  Companies  and  Collecting 
Societies. 

[Abstract  of  a  Discussion  at  the  Institute  on  10  May  1920.] 

Q 

C*IR  JOSEPH  1)1  KX,  K.B.E.,  in  opening  the  discussion,  said  that 
it  was  impossible,  in  his  opinion,  to  deal  adequately  with  the  subject 
of  industrial  insurance  without  first  considering  one  or  two 
fundamental  questions.  The  first  was  whether  industrial  insurance 
wa&  desirable.  There  was  undoubtedly  a  general  demand  for 
industrial  insurance.  It  had  promoted  the  saving  habit.  If 
insurance  was  desirable  for  the  upper  classes  of  society,  as  he  was 
convinced  it  was,  then  surely  it  was  also  desirable  for  the  great  body 
of  wage-earners  who  were  for  the  most  part  receiving  their  wages 
weekly  and  who  wished  to  pay  small  sums  weekly  or  monthly 
provided  the  way  was  made  easy  for  them  by  means  of  collectors  at 
their  own  homes.  It  might  be  argued  that  although  industrial  life 
assurance  in  its  simplest  form  was  desirable,  endowment  insurance 
raised  a  somewhat  different  question.  It  must  be  admitted  that  in 
the  ease  of  endowment  insurance  the  higher  expense-ratio  of 
industrial,  as  compared  with  ordinary,  business  made  the  question 
more  difficult,  but  the  fact  remained  that  people  desired  endowment 
insurances  ;  they  wished  to  save  by  small  instalments,  and  there  was 
a  very  great  number  of  cases  where  they  would  not  do  so  if  they 
had  not  the  opportunity  of  industrial  endowment  insurance. 

If  it  were  conceded  that  industrial  insurance  was  desirable,  the 
feature  of  high  expense  must  be  admitted  as  necessary,  and  capable 
only  of  modification.  Industrial  insurance  would  always  be  expen- 
sive. But  could  it  be  made  cheaper  ?  He  thought  it  could.  It 
must  be  remembered  that  prices  had  risen,  and  might  rise  still 
further.  Everything  which  contributed  to  the  expense  of  industrial 
insurance  had  increased  in  cost,  and  consequently  the  fact  had  to 
be  faced  that  in  order  merely  to  keep  the  expense  ratio  down  to 
what  it  had  been  in  the  past,  some  powerful  means  of  economy  must 
he  found.  Fortunately,  as  it  seemed  to  him,  the  trouble  itself 
provided  to  some  extent  its  own  cure.  If  the  standard  of  prices 
had  now  doubled,  it  followed  that  the  minimum  amount  of  life 
insurance  required  had  also  doubled.  Before  the  war,  generally 
speaking,  people  in  this  country  were  holding  far  less  life  insurance 
than  they  should  have  done,  and  consequently  at  the  present  time 
they  were  holding  far  less  than  half  as  much  as  they  should  hold. 
Sooner  or  later  it  would  be  found  that  the  agent  would  secure  at 
least  twopence  in  the  place  of  each  penny  that  he  formerly  collected. 
His  work,  however,  would  not  have  doubled,  and  consequently  his 
rate  of  remuneration  for  services  rendered  would  automatically 
increase.  It  was  true  that  the  movement  which  would  place  the 
average  amount  of  insurance  held  more  nearly  in  agreement  with  the 
standard  of  prices  must  take  time  ;  but  so  far  as  the  outdoor  staff 
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of  industrial  insurance  companies  was  concerned  they  would  find  a 
larger  amount  of  new  business  available,  and  in  some  form  or  other 
they  would  receive — and,  in  his  opinion,  they  must  receive — the 
equivalent  of  a  new  business  commission,  which  would,  as  indeed  it 
alread}^  had,  help  every  honest  worker  to  bridge  over  the  interval 
which  otherwise  would  have  entailed  very  grave  hardship.  How- 
ever, that  corrective,  which  appeared  to  him  to  be  a  necessarily 
automatic  one,  did  not  mean  that  industrial  insurance  companies 
could  or  would  be  content  to  refrain  from  making  the  most  strenuous 
efforts  to  economise,  re-organise  and  generally  improve  the  machinery 
of  their  business.  Effective  steps  in  that  direction  were  being  taken 
before  the  war,  and  all  well-wishers  of  industrial  insurance  were 
convinced  that  those  efforts  would  not  be  decreased  but  would  be 
increased  to  the  greatest  possible  extent. 

Another  method  by  which  it  might  be  hoped  there  would  be 
some  decrease  in  expense  would  be,  he  thought,  the  extension  of 
the  block  system.  It  seemed  a  little  curious  that  such  brief  reference 
had  been  made  to  that  in  the  Eeport  of  the  Committee  of  Enquiry. 
On  page  3  the  Committee  stated  :  "  Evidence  was  given  before 
the  Committee  that  convenience  and  economy  in  collection  could  be 
improved  by  the  introduction  of  the  block  system,  under  which  an 
agent  is  assigned  an  exclusive  area  for  his  operation.  This  system 
is  still  in  the  experimental  stage,  but  the  Committee  suggest  that 
it  should  be  introduced  and  extended  wherever  practicable.  They 
are  of  opinion  that  by  the  general  adoption  of  this  system  a  large 
amount  of  unnecessary  labour  and  expenditure  might  be  avoided." 
Then,  on  page  11  (where  the  question  of  lapses  is  referred  to),  it 
was  stated  :  "  They  are  of  opinion,  therefore,  that  the  end  in  view 
can  only  be  reached  by  the  abolition  of  procuration  fees,  and  recom- 
mend the  prohibition  of  the  payment  to  agents  of  procuration  fees 
for  new  business,  and  the  substitution  of  a  minimum  weekly  wage, 
based  on  a  fixed  collection  per  week,  with  a  commission  on  all  sums 
collected  above  that  amount."  The  latter  statement  appeared  to 
him  somewhat  vague.  To  those  who  had  given  a  great  deal  of 
careful  study  to  the  matter,  and  who  had  the  added  advantage  of  a 
wide  practical  experience,  it  seemed  that  great  economies  could  be 
effected  by  blocking  out  all  insurance  areas  and  employing  salaried 
agents  for  the  collection  of  industrial  insurance  premiums.  The 
collectors,  it  seemed  to  him,  should  be  paid  suitable  and  generous 
salaries  in  accordance  with  the  work  they  performed.  Their  duties 
to  a  great  extent  were  those  of  collecting  clerks,  and  the  amount  of 
remuneration  to  which  they  were  entitled  obviously  could  not  in  all 
cases  be  stated  as  a  fixed  percentage  of  the  amount  collected  any 
more  than  could  the  salary  of  a  tram  conductor  or,  possibly,  of  a 
railway  booking  clerk.  Their  work  would  depend  largely  upon  the 
concentration  of  the  business,  on  the  average  amount  of  the  pre- 
miums to  be  collected,  and  on  the  class  and  attitude  of  the  assured 
persons.  It  did  not  seem  to  him  possible  or  desirable,  in  the 
interests  of  all  the  parties  concerned,  to  attempt  to  make  a  rigid 
rule  as  to  the  weekly  amount  to  be  collected  by  any  one  man.  It 
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was  quite  possible  that  a  man  who  might  be  an  excellent  collector 
might  not  be  so  suitable  for  work  in  connection  with  new  business. 
He  used  that  general  expression  because  there  was  other  important 
work  in  connection  with  new  business  quite  apart  from  that  of 
canvassing.  The  duty  of  all  industrial  insurance  companies  was  to 
find  the  most  effective  and  the  most  economical  way  of  doing  all  the 
work  that  was  necessary.  It  did  not  seem  possible  that  any 
Committee  of  Enquiry,  however  sincere  in  its  efforts,  would  be  able 
usefully  to  instruct  those  who  had  a  life-long  experience  and  who 
were  trying  honestly  to  do  their  best.  Still  less  did  it  seem  likely 
that  such  instructions  could  be  set  out  in  the  rigid  wording  of  an 
Act  of  Parliament  without  hindering  the  very  objects  which  it  was 
intended  to  promote. 

The  subject  of  industrial  insurance  expenses  was  such  an  impor- 
tant factor  in  an  actuarial  valuation,  that  it  seemed  to  him  better 
to  deal  with  that  matter  first.  It  was  well  known  that  in  ordinary 
business  the  factor  of  initial  expense  was  of  some  importance  in 
connection  with  the  basis  of  valuation.  It  was  of  even  greater 
importance  in  the  case  of  industrial  insurance.  It  must  be  remem- 
bered that  in  order  successfully  to  carry  on  industrial  insurance  an 
organisation  must  be  built  up,  and  that  could  only  be  done  at 
considerable  expense.  Then,  again,  the  early  lapse  of  a  policy 
entailed  far  greater  proportional  loss  in  the  case  of  an  industrial 
company  than  it  did  in  the  case  of  an  ordinary  company.  An 
ordinary  company,  having  issued  a  policy,  say,  for  £1,000,  and  having 
obtained  the  first  annual  premium,  could  contemplate  the  possibility 
of  lapse  in  quite  a  different  way  from  an  industrial  insurance  company 
which,  after  a  considerable  amount  of  labour  and  expense,  nad  in  the 
end  succeeded  in  obtaining,  perhaps,  one  penny. 

The  question  then  arose  whether  a  standard  valuation  was 
desirable.  That  was  a  very  important  matter,  requiring  the  most 
careful  consideration  by  those  most  capable  of  appreciating  the  very 
many  difficulties  involved.  In  the  past  the  Institute  of  Actuaries 
had  maintained  that  the  best  safeguard  for  the  public  was  publicity. 
Was  that  well-considered  decision  to  be  reversed,  and,  if  so,  where 
was  its  reversal  likely  to  lead  ?  Was  publicity  to  be  held  to  be  a 
sufficient  safeguard  for  ordinary  policyholders  and  not  a  sufficient 
safeguard  for  industrial  policyholders  ?  When  was  a  company 
insolvent  ?  He  did  not  think  the  last  question  could  be  answered 
in  the  same  terms  in  the  case  of  an  industrial  company  as  in  the  case 
of  an  ordinary  company.  Generally  speaking,  the  expense  loading 
of  an  industrial  insurance  premium  was  less  than  the  average  annual 
rate  of  expense,  including  all  costs  of  new  business.  The  flow  and 
proportion  of  new  business  was  a  very  important  factor  and  a  very 
difficult  one  to  deal  with.  Surely  merely  to  set  up  one  fixed 
standard  of  solvency  would  be  most  mischievous.  On  page  6  of  the 
Report,  the  Committee  said  :  "  The  differences  between  the  respec- 
tive bases  of  valuation  are  the  more  unfortunate,  in  that  they  appear 
to  have  misled  the  agents  into  thinking  that  certain  companies  place 
to  reserve  a  greater  part  of  the  premiums  than  the  liabilities  require.. 
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In  the  evidence  tendered  to  the  Committee,  it  was  submitted  that 
the  reserves  should  be  lessened  in  order  that  the  remuneration  of 
the  agents  might  be  increased."  It  seemed  likely  that  a  fixed 
standard  valuation  basis  would  only  tend  to  increase  those  mis- 
chievous demands.  The  actuary  should  be,  and  generally  is,  always 
anxious  to  strengthen  his  reserve  bases  and  to  advise  increased 
benefits  only  when  he  felt  confident  that  such  might  safely  be  done. 
Would  it  not,  in  any  case,  be  necessary  to  have  varying  standards 
■of  solvency  settled,  not  by  Acts  of  Parliament,  but  by  competent 
judges  who  would  be  able  to  give  full  weight  to  the  particular 
circumstances  ?  Or  would  it  possibly  be  better  if,  in  certain  cases, 
a  company  or  society  should  be  required  to  prove  its  solvency  ? 
Theoretically,  he  supposed  the  most  nearly  perfect  basis  of  valuation 
would  be  one  where  the  actuary  made  the  closest  possible  estimate 
of  every  factor  ;  that  was  to  say  where  he  made  the  best  possible 
estimate  as  to  probable  mortality  rates,  interest  rates,  expense  rates, 
lapse  rates,  &c.  He  did  not  think  there  were  many  actuaries,  however, 
who  would  advise  such  a  basis.  As  to  interest,  who  could  say  what 
would  be  the  net  interest  yield  in  the  next  fifty  years,  or  for  that 
matter  the  next  five  years  ?  As  to  lapses,  it  was  well  known  to 
actuaries  that  there  would  always  be  lapses,  but  neither  their  extent 
nor  their  effect  could  be  closely  measured.  As  to  expenses,  he  had 
already  indicated  some  of  the  difficulties.  To  some,  a  net  premium 
valuation  was  all  that  was  required.  Personally,  he  was  glad  that 
he  had  never  been  called  upon  to  make  any  other  than  net  premium 
valuations.  But  would  it  be  right  to  insist  on  a  net  premium 
valuation  in  every  case  ?  Would  such  a  course  result  in  the  equitable 
treatment  of  the  greatest  number  of  industrial  policyholders  ? 
Then,  should  the  inclusion  of  negative  values  be  permitted  ?  He 
considered  certainly  not,  but  some  eminent  members  of  the  Institute 
had  not  held  the  same  opinion.  Should  extension  expenses  or  other 
similar  items  be  included  as  assets  in  the  insurance  funds  ?  Again, 
he  thought  the  answer  was  necessarily  in  the  negative,  but  in  the 
case  of  a  young  company  was  it  not  permissible  to  use  some  portion 
of  the  shareholders'  capital  in  building  up  a  sound  and  suitable 
organization  ?  On  page  13  of  the  Report,  reference  was  made  to 
cases  where  debentures  and  loans  had  been  issued  and  charged  on 
the  life  assurance  fund.  That  surely  was  a  proceeding  which  must 
be  condemned  by  any  competent  actuary.  The  situation  must 
have  become  desperate  if  no  other  alternative  was  possible. 

The  position  of  the  actuary  to  an  industrial  insurance  company 
was  one  of  peculiar  responsibility.  He  should  be  prepared  and 
should  be  given  the  fullest  opportunity  to  speak  out  boldly  what  he 
believed  to  be  the  truth  on  every  occasion.  With  every  copy  of 
the  Institute  of  Actuaries'  J ournal  there  was  a  reminder  of  what  the 
members  of  the  Institute  were  expected  to  do,  and  those  noble 
words  of  Bacon  were  :  "I  hold  every  man  a  debtor  to  his  profession, 
from  the  which  as  men  of  course  do  seek  to  receive  countenance  and 
profit,  so  ought  they  of  duty  to  endeavour  themselves  by  way  of 
amends  to  be  a  help  and  an  ornament  thereunto."    In  those  words 
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if  carefully  studied,  would  be  found  the  whole  truth.  It  should  be 
noticed  that  in  a  profession  one  expected,  and  was  entitled  to 
receive,  countenance  as  much  as  profit.  Actuaries  were  not  to  be 
merely  clerks  or  automatic  calculating  machines  but  expert  advisers 
who  had  been  admitted  as  Fellows  to  an  honourable  Institute,  to 
which  at  all  times  they  should  be  prepared  to  render  an  account. 
The  President  would,  he  felt  sure,  agree  with  him  that  the  Institute 
also  had  its  responsibilities.'  Having  admitted  its  Fellows  as 
qualified  actuaries  it  must  be  prepared  at  all  times  to  uphold  the 
honour  of  the  profession,  to  see  that  professional  services  were  well 
and  honourably  rendered,  and  to  give  every  possible  assistance  and 
support  to  its  members  in  order  to  enable  them  to  act  up  to 
Bacon's  inspiring  words,  both  in  spirit  and  in  truth. 

Upon  the  basis  of  valuation  the  treatment  of  policyholders  with 
regard  to  the  granting  of  free  policies  and  surrender  values  was 
largely  dependent,  It  would  be  evidently  unsound  to  grant  any 
form  of  surrender  values  in  excess  of  the  reserve  held.  Having 
regard  to  the  effect  of  selection — that  was  to  say,  to  the  certainty 
that  persons  in  a  very  bad  state  of  health  were  less  liable  to  surrender 
— he  thought  that  it  was  equally  evident  that  any  form  of  surrender 
value  allowed  should  have  a  cash  value  less  than  the  reserve  held 
against  any  particular  policy.  Experience  indicated  that  in  most 
cases  surrender  value,  in  the  form  of  a  free,  paid-up  industrial  policy, 
was  preferable  to  a  cash  allowance,  although  the  growing  popularity 
of  endowment  insurance  had  necessitated  some  modification  of  that 
rule.  Perhaps  one  of  the  most  remarkable  passages  in  the  Report 
of  the  Committee  of  Enquiry  was  on  page  5  where  it  said  :  "  Indus- 
trial policies  generally  carry  no  right  to  surrender  value  or  a  free, 
paid-up  policy  upon  lapse.  In  the  case  of  the  Prudential,  it  is 
stated  to  be  the  general  practice  of  the  company  to  grant  free, 
paid-up  policies  after  premiums  have  been  paid  for  five  years, 
provided  that  the  life  assured  has  attained  the  age  of  15,  and  under 
these  arrangements  free  policies  have,  it  would  seem,  been  regularly 
granted,  where  applied  for/'  Why  so  grudging  an  admission  of  a 
fact  known  to  everybody  ?  A  phrase  like  that  did  not  tend  to 
increase  confidence  in  the  belief  that  the  Committee  properly  appre- 
ciated the  rights  of  industrial  policyholders,  or  that  the  Committee 
were  sufficiently  anxious  to  encourage  the  best  form  of  progressive 
development.  Perhaps  that  was  the  inevitable  result  of  having  only 
one  professional  expert  on  the  Committee,  who  no  doubt,  at  times, 
found  it  necessary  to  give  way  to  the  majority. 

The  Committee  also  stated  on  page  8  of  the  Report  :  "  They 
think  that,  in  general,  the  policyholders  should  receive  a  substantially 
greater  part  of  the  profits  than  is  accorded  to  them  at  the  present 
time."  It  might  be  argued  that  there  was  no  right  to  any  bonus, 
and  that  a  bonus,  if  granted;  must  be  regarded  as  a  gift.  But 
bonuses  had,  in  fact,  been  granted  to  industrial  policyholders  in 
various  forms.  Rates  had  been  revised  and  sums  assured  made 
subject  to  increase,  and  those  alterations  had  been  made  retro- 
spective, the  result  being  a  form  of  bonus  policy  free  of  all  premiums 


146  Discussion  oh  Industrial  Assurance*  [Oct. 

after  a  certain  duration  and  a  certain  age  attained,  and  there  had 
been  other  forms  of  bonus  instituted  at  different  times.  But  the 
most  conspicuous  case  of  an  industrial  bonus  declared,  as  a  direct 
result  of  the  profit  disclosed  in  the  annual  valuation,  was  that  of 
the  Prudential,  the  bonus  in  this  case  being  given  in  the  form  often 
referred  to  as  a  mortuary  benefit.  It  was  a  bonus  paid  as  an 
addition  to  the  sums  assured  in  all  cases  of  claims  where  such  claims 
resulted  from  death  or  the  maturity  of  an  endowment.  That 
method  was  not  free  from  possible  criticism,  as  might  be  seen  from 
the  Report,  but  in  practice  he  thought  it  was  the  best  possible  under 
the  circumstances.  It  had  to  be  remembered  that  one  of  the  main 
considerations  in  any  method  adopted  must  be  simplicity,  and  the 
saving  of  any  considerable  labour  and  expense.  Before  hastily 
concluding  that  a  reversionary  bonus  with  full  cash  reserve  would  be 
preferable,  there  were  many  points  to  be  considered,  which  it  would 
be  impossible  for  him  to  deal  with  that  evening. 

The  Committee  of  Enquiry  was  appointed,  as  stated  on  page  1 
of  the  Report,  to  ' '  enquire  into  the  business  carried  on  by  industrial 
assurance  companies  and  collecting  societies."  In  order  to  form 
any  correct  opinion  on  the  possibilities  of  industrial  insurance 
business  it  seemed  evident  that  a  matter  absolutely  of  first-class 
importance  was  the  effect  of  the  war,  and  one  effect  of  the  war  was 
that  the  burden  of  the  Courts  (Emergency  Powers)  Act  was  thrown 
upon  the  societies.  At  the  outset  they  were  informed  that  there 
would  be  no  loss  to  them,  as  they  could  always  deduct  the  premiums 
from  the  claims.  The  Act  was  a  great  strain  on  industrial  companies 
and  it  still  remained.  Was  that  Act  just,  so  far  as  the  insurance 
companies  were  concerned  ?  The  Report  referred  to  this  matter 
on  page  14  in  the  following  terms  :  "  The  question  which  arises 
under  this  Act  is  a  complicated  one.  Suggestions  for  dealing  with 
the  problem  were  supplied  to  the  Committee  by  the  Prudential 
Company  and  by  the  Association  of  Industrial  Assurance  Companies 
and  Collecting  Friendly  Societies.  The  Committee  desire  to  express 
their  obligation  to  the  company  and  the  association  for  the  assistance 

which  they  have  given  When  the  Act  comes  to  an  end 

the  Committee  recommend,  as  a  fair  way  of  meeting  the  difficulties 
which  must  arise,  that  policies  subject  to  the  Act  shall  be  kept  in 
force  for  six  months  after  the  Act  has  ceased  to  operate  and  that  the 
companies  shall  be  under  obligation  to  notify  every  policyholder  to 
whom  the  Act  applies  his  right  to  secure  the  maintenance  of  the 
policy  by  payment  of  the  arrears,  the  amount  of  which  should  be 
stated  on  the  notice.  Alternatively,  the  companies  should  give  the 
option  to  the  policyholder  of  maintaining  the  policy  in  force  for  a 
reduced  amount,  or  in  the  case  of  an  endowment  assurance  for  an 
extended  period,  subject  to  the  cancellation  of  the  arrears,  on  the 
terms  of  a  scheme  to  be  approved  by  the  controlling  authority." 
There  seemed  no  recognition  of  how  the  Act  weakened  the  resources 
of  the  company  at  the  most  critical  time,  and  consequently  how  the 
capabilities  of  granting  future  concessions  were  also  weakened. 
Industrial  insurance  companies  and  societies  paid  many  millions 
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of  pounds  in  the  shape  of  war  claims  for  which  they  were  not  liable 
and  for  which  they  received  no  premiums,  that  was  to  say  the 
premiums  they  received  were  inadequate  for  the  war  risk  in  the 
same  way  that  pre-war  marine  insurance  rates  were  inadequate  for 
the  risks  run  during"  the  submarine  campaign.  Did  the  members  of 
the  Committee  commend  that  action  or  not  ?  It  was  difficult  to 
judge  from  the  Report.  Had  war  claims  not  been  paid,  or  had 
adequate  extra  premiums  been  charged,  the  industrial  bonus  could 
not  only  have  been  maintained,  but  increased,  with  less  strain  on 
the  companies'  funds  than  the  course  they  had  taken  had  involved. 
Xot  only  so,  but  had  there  been  no  war  it  was  impossible  to  say  how 
far  the  expenses  of  the  business  would  have  been  reduced. 

Mr.  A.  D.  BESANT  said  that  in  the  interesting  and  weighty 
speech  to  which  they  had  just  listened  Sir  Joseph  had  dealt  in  some 
detail  with  the  various  technical  questions  affecting  industrial 
insurance.  Some  of  those  questions  were  of  great  interest  to 
actuaries  engaged  in  that  particular  field  but  did  not  largely  concern 
the  Institute  as  an  Institute,  and  he  did  not  propose  to  discuss  them 
in  any  detail.  A  question  in  his  opinion  of  far  wider  importance  was 
how  did  the  Report  of  the  Departmental  Committee  upon  the 
industrial  life  assurance  system  affect  the  Institute,  both  in  its 
corporate  capacity  and  as  regarded  its  individual  members.  The 
most  important  aspects  of  that  question  were  the  valuation  question 
and  the  amalgamation  question.  He  might  begin  by  summing  up 
as  shortly  as  possible  the  main  impressions  gathered  from  a  careful 
study  both  of  the  Departmental  Committee's  Report  and  of  the 
minutes  of  evidence  that  had  been  published.  It  could  not  be 
denied,  he  feared,  that  that  evidence  showed  the  existence  of  abuses 
in  certain  directions,  but  of  course  it  was  necessary  to  keep  a  sense 
of  proportion  and  to  remember  that  those  abuses  were  not  universal 
— they  were  far  from  universal — and  he  hastened  to  say  that  many 
of  the  actuaries  concerned  had  steadily  and  resolutely  laboured,  as 
Sir  Joseph  Burn  had  said,  to  improve  the  Financial  position  of  the 
companies  with  which  they  were  connected.  But  having  admitted 
that,  the  Committee  undoubtedly  did  comment  in  the  most  adverse 
terms  on  unduly  large  payments  to  shareholders  and  to  officials  and 
directors  and  agents.  They  called  attention  to  cases  in  which  the 
expense  of  management  had  been  unduly  weighted  as  against 
industrial  policyholders  in  favour  of  the  ordinary  policyholders,  and 
they  summed  up  their  views  by  stating  in  Section  25  of  the  Report : 
u  The  industrial  assurance  system  lends  itself  to  abuse  in  many 
directions  ",  and  they  went  on  to  say  that  "  the  public  is  defenceless 
against  the  machinations  of  any  group  of  adventurers  who  have 
neither  money  nor  reputation  to  lose  and  whose  single  purpose  is  to 
exploit  the  system  for  their  own  benefit."  In  that  connection  he 
would  ask  the  members  to  read  over  the  detailed  evidence  given  in 
cross-examination  by  3Ir.  Mashford,  who  dealt  with  tvpical  cases 
of  complaints  made  by  policyholders.  That  evidence  was  set  forth 
on  pages  91  to  104  of  the  Minutes  of  Evidence.  Section  26  of  the 
Report  dealt  with  abuses  of  amalgamations  and  transfers  of  business 
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and  with  the  evasions  of  the  safeguards  which  were  supposed  to  be 
provided  by  the  Act  of  1909.  In  the  next  section  cases  were  dealt 
with  of  abuses  of  valuation,  such  as  the  introduction  of  negative 
values  and  organization  expenditure  as  assets.  Finally,  in 
Section  28,  the  Committee  bluntly  said  :  ''In  the  public  interest 
there  is  need  for  many  reforms  and  for  increased  control."  He 
had  to  confess  that  the  effect  left  on  his  own  mind  after  studying 
the  Report  was  one  of  bewilderment  and  to  some  extent  of 
humiliation.  The  Report  undoubtedly  reflected  both  on  the 
Institute  and  on  the  profession  of  the  actuary,  and  the  question  at 
once  arose  as  to  what  the  Institute  could  do  to  ensure  the  observance 
of  a  high  standard  of  professional  conduct  amongst  its  members — 
what  it  could  do  to  support  its  members  in  obtaining  a  high  standard 
of  valuation,  and  eliminating  the  abuses  of  valuation — and,  in  the 
last  resort,  what  disciplinary  powers  it  could  exercise  in  vindication 
of  its  good  name.  Those  were  hard  questions,  and  questions  which 
no  individual  member  of  the  Institute  could  fully  answer,  but  they 
were  questions  which  he  believed  it  was  the  duty  of  the  Council  to 
consider,  and  to  consider  with  a  full  sense  of  its  responsibility  both 
to  the  public  and  to  its  members.  He  ventured  to  think  that  in  the 
discharge  of  that  duty  fearlessly  the  Institute  would  best  justify  its 
existence  in  the  eyes  of  the  public. 

With  regard  to  the  position  of  the  actuary  in  the  field  of  industrial 
assurance,  it  would  seem  that  he  did  not  command  generally  the 
same  authority  with  his  directors  or  the  management  as  did  the 
actuary  in  the  case  of  ordinary  companies.  The  Institute  must  do 
what  it  could  to  strengthen  the  official  position  of  the  industrial 
actuary,  and  he  hoped  that  the  Council  would  at  once  make  it 
perfectly  clear  that  any  industrial  actuary  would  at  once  receive 
the  full  support — the  active  and  united  support — of  the  Institute 
in  any  firm  effort  that  he  made  to  resist  any  improper  practices  or 
any  pressure  that  might  be  put  upon  him.  The  Institute  was 
established,  as  its  Charter  stated,  for  the  purpose  of  elevating  the 
attainments  and  status  of  all  engaged  in  occupations  connected  with 
the  pursuits  of  an  actuary,  and,  moreover,  the  Institute  possessed 
full  disciplinary  powers  under  its  by-laws  for  dealing  with  the  case 
of  any  member  who  might  be  charged  with  conduct  discreditable  to 
the  Institute.  If,  as  the  Departmental  Committee  recommended, 
legislation  was  now  urgently  needed  to  abolish  the  abuses  which  had 
been  exposed  and  condemned,  then  let  the  Council  of  the  Institute 
forthwith  appoint  a  special  committee  of  actuaries  to  advise  upon 
the  whole  question,  and  to  guide  public  opinion  as  to  the  lines  upon 
which  that  legislation  should  go.  It  would  surely  be  better  for  the 
profession  as  a  whole  that  the  Institute  should  itself  impress  upon 
its  members  their  duty  towards  the  public,  rather  than  that  it 
should  suffer  dictation  from  any  Government  department.  The 
recommendations  made  by  the  Committee  were  all  of  very  far- 
reaching  importance  and  deserved  most  careful  attention, particularly 
those  recommendations  which  dealt  with  industrial  insurance 
valuations.    They  were  set  forth  in  full  detail  in  Section  47.  They 


1920.] 


Discussion  tm  Indus/rial  Assurance. 


149 


were  of  the  greatest  importance,  being  in  fact,  revolutionary  in 
their  character,  and  he  thought  it  was  incumbent  on  the  Institute 
to  discuss  them  in  detail  later  on. 

He  ventured  to  hope  that  under  the  lead  of  the  President  and  of 
his  successor,  Sir  Alfred  Watson,  the  Institute  of  Actuaries  would 
take  action  in  its  corporate  capacity,  so  as  to  protect  the  interests 
of  the  public  and  to  ensure  the  very  highest  standard  of  professional 
conduct  amongst  its  own  members. 

Mr.  C.  W.  KEXCHINGTON  thought  that  if  it  had  not  been  for 
the  report  of  the  Departmental  Committee,  the  present  discussion 
on  the  subject  of  actuarial  aspects  of  industrial  assurances  might 
not  have  taken  place  on  that  particular  occasion.  It  would,  perhaps, 
have  been  well  if  in  times  past  the  Institute  had  discussed  the 
actuarial  aspects  of  industrial  insurance  a  little  more  than  had  been 
done,  because  on  looking  through  the  pages  of  the  Journal  he  could 
not  help  being  struck  by  the  comparative  paucity  of  papers  on  that 
subject,  although,  of  course,  it  must  be  borne  in  mind  that  the 
subjects  in  which  the  actuaries  of  industrial  insurance  offices  were 
concerned  did  not  appeal  to  the  majority  of  the  members  of  the 
Institute.  It  might  be  recalled,  however,  that  if  it  had  not  been 
for  the  cessation  of  the  meetings,  there  would  have  been  a  paper  on 
industrial  assurance  early  in  1916. 

The  Report  of  the  Committee  dealt  principally  with  matters  of 
administration,  and  it  was  a  little  difficult  to  steer  entirely  clear 
of  such  matters  when  talking  about  the  actuarial  aspects  of  the 
business  ;  so  much  was  that  in  evidence,  that  Sir  Joseph  Burn  that 
evening  had  gone  at  rather  greater  length  than  some  members 
perhaps  anticipated  into  the  administrative  aspect  of  the  subject. 
He,  himself,  particularly  desired  to  confine  his  observations  to  the 
question  of  valuation.  He  did  not  intend  to  say  anything  about 
surrender  values  and  free  policies,  which  were  matters  essentially 
of  actuarial  interest.  In  the  first  place  he  wished  to  draw  attention 
to  the  very  meagre  extent  of  the  evidence  put  before  the  Committee 
of  Enquiry  on  the  subject  of  valuations.  There  were  no  questions 
on  the  subject  addressed  to  the  offices  in  the  long  questionnaire  that 
was  sent  out.  With  regard  to  the  oral  examinations  of  witnesses, 
there  were  altogether  nine  actuaries  called  as  witnesses,  one  of  whom 
was  not  an  industrial  office  actuary  at  all,  one  appeared  purely  as 
the  secretary  of  his  own  company,  and  of  the  remainder  only  three 
were  asked  any  questions  whatever  on  the  subject  of  valuation. 
One  of  them  satisfied  Sir  Alfred  Watson,  apparently,  as  to  the 
stringency  of  his  valuation,  and  another  was  merely  asked  whether 
he  was  satisfied  that  his  valuation  was  all  that  it  ought  to  be,  as  a 
method  of  drawing  attention  to  another  point  upon  which  Sir  Alfred 
was  at  that  particular  time  examining  him.  It  was  only  in  the  case 
of  one  office  that  the  valuation  basis  was  really  seriously  questioned, 
and  although  it  was  not  for  him  to  defend  that  particular  office  he 
would  point  out  that  it  was  one  which  had  comparatively  recently 
acquired  other  businesses.  In  view  of  the  fact  that  so  little  direct 
evidence  was  before  the  Committee  it  seemed  rather  curious  that 
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so  revolutionary  a  set  of  proposals  should  have  been  put  forward. 
In  saying  that  those  proposals  must  be  fought  he  did  not  wish  it  to 
be  considered  for  one  moment  that  he  desired  to  bolster  up  unsound 
or  weak  valuations  ;  in  fact,  his  record  would  be  seen  to  be  against 
that  when  he  pointed  out  that  for  two  years  successively  he  himself 
brought  out  deficiencies  in  industrial  assurance  valuations  and 
publicly  showed  them  in  the  published  accounts  of  the  society  he 
happened  to  represent.  The  chief  objection  to  the  recommendations 
was  that  they  went  entirely  against  the  acknowledged  principle  of 
freedom  and  publicity.  If  it  was  agreed  that  that  policy  of  freedom 
and  publicity  had  worked  to  the  advantage  of  ordinary  offices,  so, 
he  ventured  to  assert,  it  had  worked  to  the  advantage  of  the  industrial 
offices,  and  by  that  he  meant  to  those  assured  in  the  industrial 
offices  throughout  the  country.  The  position  was  perhaps  not  quite 
so  plain  with  regard  to  collecting  friendly  societies,  because  their 
reports  were  not  so  readily  available  as  those  of  the  companies. 
How  was  that  principle  of  freedom  and  publicity  operating  to  the 
advantage  of  industrial  offices  ?  Even  the  largest  office  of  all  was 
far  stronger  to-day  than  it  was  in  the  time  of  the  Assurance  Com- 
panies Act  of  1870,  and  he  ventured  to  assert  that  hardly  a  year  had 
passed  but  what  some  strengthening  had  taken  place  in  connectioii 
with  that  particular  office.  In  the  smaller  offices  progress  had  been 
even  more  marked.  Some  had  indeed  been  rescued  from  destruction. 
The  war  period  had  brought  claims  for  losses  which  had  weighed  a 
very  great  deal  more  heavily  upon  the  industrial  offices  than  upon 
ordinary  offices,  and  inevitably  the  effect  had  been  to  retard  progress. 
It  was  not  possible  to  say  that  all  was  well.  There  were  still  some 
few  offices  whose  reserves  were  not  as  strong  as  their  directors,  let 
alone  their  actuaries,  would  desire,  but  progress  had  been  made  and 
with  freedom  progress  would  continue  to  be  made. 

With  regard  to  the  recommendations  as  to  standardization  of 
valuations,  the  Eeport  did  not  in  so  many  words  recommend  a 
standard  basis  of  valuation  applicable  to  all  companies  and  societies 
alike,  but  it  left  the  matter  in  doubt  by  describing  the  method  to 
be  adopted  as  "  the  basis  to  be  prescribed  by  the  controlling 
authority."  He  wished  that  Sir  Alfred  Watson  had  been  present 
that  evening  to  offer  some  enlightenment  on  the  subject,  because 
it  was  a  matter  about  which  actuaries  of  industrial  offices  felt 
considerable  concern.  Some  of  the  dangers  of  a  standard  valuation 
had  been  already  referred  to,  but  it  might  perhaps  be  added  that 
there  was  the  danger  of  the  possible  elimination  of  the  actuary, 
as  it  might  be  thought  that  the  work  of  valuation,  when  once 
standardized,  was  one  purely  of  machinery.  That  would  be  an 
entire  misapprehension  of  the  actuary's  duties  and  responsibilities. 
The  matter  was  one  of  importance  to  the  Institute  as  a  body,  and 
not  only  to  the  actuaries  of  industrial  offices.  It  was  as  it  were  the 
thin  end  of  the  wedge,  and  they  could  not  say  what  might  happen 
in  the  future  if  Government  control  were  brought  about  in  that  way. 

There  might  be  some  doubts  as  to  whether  the  publicity  given 
to  the  returns  of  the  industrial  offices  was  as  sufficient  as  it  was 
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thought  to  be  in  the  case  of  ordinary  offices.  But  surely  it  would 
be  possible  to  obtain  a  remedy,  if  it  was  thought  that  the  particulars 
were  insufficient,  by  modifying  the  questions  that  were  incorporated 
in  the  Schedules  to  the  Assurance  Companies  Act,  1909.  His  last 
point  was  as  to  what  could  be  said  to  be  a  desirable  basis  for  the 
valuation  of  the  liabilities  of  industrial  offices.  Sir  Joseph  had 
referred  to  his  great  good  fortune  in  not  having  had  to  make  a 
valuation  by  any  except  the  orthodox  net  premium  method.  Some 
actuaries  held  that  that  method,  particularly  when  based  upon  a 
3  per-cent  rate  of  interest,  resulted  in  unduly  high  reserves.  That, 
perhaps,  was  a  matter  of  professional  opinion,  but  certainly  one 
of  the  effects  of  the  great  strength  of  Sir  Joseph  Burn's  office  had 
been  that  some  other  offices  had  felt  bound  by  competition  to  raise 
their  benefits,  when  it  would  have  been  wise  had  they  not  done  so 
for  a  period  of  years.  It  appeared  to  him  that  the  method  required 
was  one  which  would  make  some  reasonable  allowance  for  the 
expenses  of  new  business.  He  had  been  connected  with  an  industrial 
company  as  successor  to  the  late  Mr.  H.  W.  Manly,  and  in  one  of 
his  last  business  interviews,  before  his  death,  Mr.  Manly  pointed  out 
that,  although  the  method  of  valuation  he  had  been  adopting  was 
one  which  excluded  the  first  five  years  of  duration,  so  that  no  reserves 
began  to  be  built  up  until  five  years  had  expired,  he  thought  that 
too  long  a  period,  and  was  working  for  a  three  years'  exclusion. 
Three  years'  exclusion  on  the  basis  of  a  3  per-cent  rate  of  interest 
was  probably  very  close  to  one-and-a-half  or  two  years'  exclusion  on 
the  basis  of  a  rate  of  interest  more  nearly  approaching  the  experi- 
enced rate,  and  there  were  certainly  difficulties  to  contend  with  if 
the  period  of  exclusion  were  made  too  long,  because  the  constancy 
of  the  surplus  or  the  capability  of  being  able  to  make  up  the  reserves 
depended  to  no  little  extent  upon  the  flow  of  new  business  which 
might,  in  certain  circumstances,  as  during  the  war,  be  upset  by 
conditions  entirely  outside  the  control  of  the  office  or  of  the  actuary. 
He  had  intended,  in  closing  his  remarks,  to  appeal  to  the  Institute 
to  stand  by  the  actuaries  of  the  industrial  offices  against  what  many 
of  them  felt  to  be  the  unmerited  slur  cast  upon  the  business  in  which 
they  were  engaged  by  the  Keport,  but  he  felt  that  that  appeal  had 
been  made  much  better  by  Mr.  Besant,  and  he  wanted  to  thank  him 
for  having  spoken  in  the  way  he  had  done. 

Mr.  S.  G.  WAEXER  did  not  think  it  was  possible  to  avoid  the 
conclusion  that  the  Report  of  the  Committee  was  in  the  nature  of 
an  indictment  and  that  industrial  insurance  was  more  or  less  on  its 
defence.  Further,  that  indictment — whether  just  or  unjust — 
represented  the  crystallization  of  a  great  amount  of  popular  opinion 
on  the  subject.  In  the  course  of  a  good  deal  of  communication  with 
social  workers  among  the  poorer  classes  of  the  community,  he  had 
not  heard  many  complimentary  references  to  industrial  agents  or 
collectors  or  to  the  beneficial  effect  of  the  system  on  the  population. 
Those  people  might  be  entirely  misinformed,  but  there  was  a  popular 
impression  to  the  prejudice  of  the  whole  system.  In  those  circum- 
stances, he  thought  those  who  were  connected  with  industrial 
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insurance  would  be  well  advised  not  to  adopt  altogether  too  critical 
or  too  von  possumus  an  attitude  to  the  recommendations  of  the 
Committee.  In  the  first  place,  there  was  no  reason  to  suppose  that 
the  members  of  the  Committee  entered  upon  their  task  with  a 
prejudice  against  the  system  of  industrial  insurance.  They  heard 
a  great  mass  of  evidence  and  gave  very  careful  consideration  to  it 
and  produced  a  Report  which,  while  it  certainly  pointed  out  some 
things  which  they  believed  to  be  defects,  did  not  make  any  attack 
on  the  general  principle.  Therefore  it  would  be  bad  policy,  if 
nothing  else,  to  take  the  attitude  of  too  violent  a  depreciatory 
criticism  of  what  the  Committee  had  to  say.  An  attacked  institution 
which  felt  it  had  a  perfect  reply  would  be  comparatively  calm  in  the 
circumstances  and  prepared  to  admit  much  while  at  the  same  time 
it  had  a  good  defence  against  much  else.  On  the  other  hand,  he  felt 
strongly  that  those  who  had  no  actual  experience  of  industrial 
insurance  should  also  take  a  fair  and  sympathetic  attitude  towards 
what  was  undoubtedly  a  great  institution,  involving  large  sums  of 
money,  and  which  certainly  had  had  to  a  large  extent  a  beneficent 
influence  on  the  community  ;  and  they  should  adopt  a  friendly 
attitude  and  one  of  comradeship  and  sympathy  towards  those  of 
their  colleagues  who  were  engaged  as  actuaries  in  the  difficult  work 
of  endeavouring  to  guide  the  administration  of  that  great  branch  of 
insurance  business. 

Something  had  been  said  that  evening  in  praise  of  the  well-known 
formula  "  Freedom  and  publicity."  That  seemed  to  be  recognized 
as  the  principal  article  of  the  Institute's  faith.  Freedom  and 
publicity  since  the  Act  of  1870  were  assumed  to  have  produced  such 
good  results  that  they  must  continue  to  stand  by  them.  There  was  a 
good  deal  of  truth  in  this,  but  not  all  the  truth.  They  must  not 
make  a  fetish  of  the  phrase.  The  beneficent  effects  on  ordinary  life 
assurance  were  pointed  out,  and  it  was  certainly  true  that  there  were 
such,  but  there  was  a  great  difference  between  the  clientele  of  ordinary 
life  offices  and  that  of  industrial  offices.  The  industrial  offices 
had  an  immensely  larger  constituency  and  a  very  imperfectly 
educated  one.  People  who  knew  very  little  about  the  matter  were 
not  always  the  best  judges  of  their  own  interests  or  as  to  how  those 
interests  were  being  conserved.  Freedom  and  publicity  had  on  the 
whole  acted  well  as  regards  ordinary  life  assurance,  because  the 
average  ordinary  policyholder  was  a  shrewd  business  man  appre- 
ciating caution  and  the  necessity  for  making  good  reserves.  That 
was  not  necessarily  the  case  in  a  much  larger  and  less  educated 
community,  and  therefore,  it  did  not  by  any  means  follow  that 
certain  of  the  recommendations  of  the  Committee  which  seemed  to 
some  extent  to  interfere  with  the  formula  of  "  freedom  and  pub- 
licity," should  not  be  adopted  because  they  did  not  apply  equally 
to  the  field  of  ordinary  life  assurance.  Anyone  who  had  knowledge 
of  the  history  of  how  the  system  of  industrial  insurance  had  grown 
up,  or  had  made  any  attempt  to  introduce  thrift  of  that  particular 
kind  amongst  the  working  classes,  knew  how  very  difficult  it  was  to 
instil  sound  financial  ideas  into  their  minds.    As  Mr.  MofTrev's 
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book  on  the  Oddfellows'  Society  showed,  there  was  a  mass  of  mis- 
understanding that  reformers  and  pioneers  in  this  country  had  had 
to  remove.  The  great  men  who  fought  for  correct  principles  of 
valuation  and  solvency,  in  the  midst  of  the  most  extraordinary 
ignorance  and  opposition  from  their  fellows,  deserved  great  credit. 
In  an  ideal  world  he  thought  that  industrial  insurance  would  be 
better  managed  mutually  than  by  a  joint  stock  company  seeking 
profit.    There  were  fewer  dangers  in  the  path. 

Industrial  insurance  was  peculiar  in  the  fact  that  it  depended  on  a 
great  army  of  agents,  not  agents  as  the  term  was  ordinarily  under- 
stood by  the  actuary  in  the  insurance  world,  but  whole-time  agents. 
Some  of  the  evidence  given  before  Lord  Phillimore's  Committee  on 
the  question  whether  the  industrial  insurance  companies  could 
afford  to  give  their  outside  representatives  a  war  bonus  was  sugges- 
tive as  regards  the  difficulties  besetting  the  administration  of  the 
business.  A  company  had  introduced  a  new  table  which  gave 
specially  good  benefits  to  the  public,  but  which  for  that  reason 
did  not  admit  of  quite  so  high  a  commission  to  its  agents,  and  it 
tried  to  get  them  to  take  up  the  table  by  pointing  out  to  them  that, 
although  the  commission  on  each  individual  case  was  less,  the 
scheme  was  so  attractive  and  so  sound  that  probably  they  would 
be  able,  by  doing  a  larger  volume  of  business,  to  earn  a  larger  total 
commission.  It  was  curious  to  find  the  attitude  taken  up  by  the 
agents  with  perfect  honesty  and  straightforwardness,  that  they 
should  not  be  expected  to  take  up  a  scheme  which  paid  a  reduced 
commission,  no  matter  how  attractive  were  its  terms  to  the  insurer. 
That  was  an  illustration  of  some  of  the  difficulties  with  which  those 
who  were  administrators  of  industrial  insurance  had  to  contend, 
and  which  made  their  task  more  complicated. 

He  most  thoroughly  and  cordially  agreed  with  Sir  Joseph  Burn 
with  regard  to  the  Courts  Emergency  Powers  Act.  The  references 
to  that  Act  in  the  Eeport  were  distinctly  inadequate.  It  seemed  to 
him  to  have  been  a  piece  of  panic  legislation,  passed  in  the  most 
hasty  and  ill-considered  way,  and  based  on  two  main  assumptions — 
one  that  the  war  would  be  short  and  the  other  that  there  would  be  a 
large  amount  of  unemployment  and  consequent  distress.  Both 
were  falsified  by  events.  The  Act  placed  the  companies  in  a  most 
unfair  and  disadvantageous  position.  As  a  member  of  Lord 
Phillimore's  Committee,  he  did  his  best  to  make  that  clear,  but  was 
bound  to  say  it  was  most  difficult  to  convince  people  who  had  not 
had  the  elements  of  actuarial  training  that  there  could  be  any  loss 
with  regard  to  unpaid  insurance  premiums  unless  there  was  an 
actual  claim  by  death.  The  idea  that  even  if  the  assured  did  not 
die  the  company  had  been  running  a  risk  for  them  which  had  a 
money  value  seemed  to  quite  intelligent  people  a  thing  impossible 
of  comprehension.  He  cordially  agreed  that  the  provisions  of  the 
Act  with  regard  to  industrial  assurances  were  unjust.  He  did  not 
know  whether  the  Institute  had  had  the  subject  before  it  in  any 
public  way  before,  but  it  should  be  put  on  record  that  that  was  the 
members'  opinion,  because  it  was  most  injuriously  affecting  one 
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great  branch  of  life  assurance  business,  and  was  in  defiance  of  the 
most  elementary  principles  of  actuarial  science. 

Mr.  J.  MUEEAY  LAING  said  that,  although  he  was  the  actuary 
of  a  large  industrial  assurance  company,  he  was  in  the  somewhat 
unique  position  of  having  been  longer  in  the  service  of  ordinary  life 
offices  than  he  had  yet  been  in  industrial  work.  He  had  not  been  long 
enough  away  from  the  ordinary  offices  to  forget  the  views  he  used 
to  hold  on  industrial  assurance,  but  quite  long  enough  to  learn  that 
many  of  those  views  were  wrong.  Mr.  Besant  had  spoken  strongly 
on  the  responsibilities  of  the  actuaries  employed  in  industrial 
offices.  So  far  as  those  known  to  him  were  concerned,  he  had  no 
hesitation  in  saying  that  they  realized  the  great  responsibilities 
which  rested  upon  them,  and  had  done  all  they  possibly  could  to 
improve  the  position  of  their  offices  when  such  improvement  was 
necessary.  He  was  not  aware  of  any  actuary  who  required  the 
Institute,  or  any  other  body,  to  say  to  his  directors  what  he  ought  to 
say  himself.  He,  personally,  had  never  had  any  hesitation  in  saying 
what  he  thought,  and  he  had  never  had  any  opposition  from  those 
in  charge  of  his  company  to  any  suggestion  he  had  made.  But  it 
was  suggested  that  was  not  the  common  experience.  In  the  Report 
the  remarks  of  a  derogatory  nature  frequently  referred  only  to  the 
smaller  companies.  There  were  large  numbers  of  very  small 
societies,  and  he  did  not  think  they  always  employed  actuaries. 
If  evils  did  exist  to  any  marked  extent  it  was  the  duty  of  every 
Fellow  of  the  Institute  to  do  what  he  could  to  improve  matters. 

With  regard  to  the  subjects  on  which  he  used  to  hold  wrong 
views,  one  was  the  bogey  of  the  expense  rate.  Everyone  who  was 
not  in  an  industrial  office  considered  that  the  expense  incurred  in  the 
business'  was  far  too  high,  but  with  his  knowledge  of  both  sides  he 
certainly  did  not  agree  with  that.  That,  however,  did  not  mean  that 
he  did  not  think  the  expense  should  be  reduced,  as  wherever  it  was 
possible  that  should  be  done.  But  when  regard  was  had  to  the 
services  rendered  respectively  by  the  industrial  agents  and  the 
ordinary  agents,  he  did  not  think  the  comparison  was  against  the 
industrial  companies.  The  Report  said  that  the  premiums  col- 
lected amounted  to  £25,000,000  per  annum.  The  average  premium 
being  under  2\d.,  that  would  represent  2,500  million  calls  per 
annum.  And,  expenses  being  40  per-cent,  the  cost  of  running  the 
business  would  work  out  at  Id.  per  transaction.  Those  figures, 
however,  required  some  modification.  Agents  very  often  collected 
on  more  than  one  policy  in  a  house  ;  they  did  not  always  collect 
singly  each  premium,  nor  did  they  always  collect  every  week, 
although  the  bulk  of  them  did  so.  If  the  Id.  were  doubled  and 
the  average  cost  per  call  put  at  2d.  it  would  not  affect  his  argument, 
as  he  was  going  to  make  a  comparison  in  which  he  had  plenty  of 
margin.  On  reference  to  the  Report  on  the  working  of  the  Post 
Office  Savings  Bank,  he  found  that  the  cost  of  each  transaction 
was  4Jc7.  in  and  4|cL  out,  so  that  to  pay  in  any  sum  of  money  and 
draw  it  out  cost  9d.  The  Post  Office  Savings  Bank  was  not  doing 
for  the  public  all  that  the  agent  of  an  industrial  company  did  for  a 
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policyholder.  The  agent  called  at  the  home  and  collected  the 
premium,  and  when  a  death  occurred  he  called  and  paid  the  claim. 
In  the  Post  Office  Savings  Bank  the  depositor  had  to  go  to  the 
Post  Office  to  pay  in  his  money  or  to  take  it  out.  Therefore,  even  a 
comparison  with  the  Savings  Bank  was  not  quite  fair  to  the  indus- 
trial offices.  In  any  comparison  of  expenses  with  premiums  there 
were  included  the  expenses  incurred  in  the  payment  of  claims,  so 
that  he  had  to  put  on  to  the  Post  Office  item  of  per  deposit 
something  for  the  withdrawals.  He  found  that  the  withdrawals 
were  one-half  of  the  deposits  in  number,  so  that  adding  one-half  to 
the  ±\d.  there  was  something  like  Id.  to  be  taken  into  account  in 
comparison  with  the  industrial  offices'  2d. ,  which  was  surely  a 
tribute  to  the  industrial  offices.  Some  years  ago  the  Fabian  Society 
started  a  very  thorough  investigation  into  the  business  of  industrial 
insurance,  and  they  were  under  the  impression  that  they  would  be 
able  to  prove  it  was  very  extravagantly  managed.  Their  report 
contained  a  statement  that  it  cost  j)er  transaction.  They 
compared  that  with  the  cost  in  an  ordinary  office,  which  they  found 
came  to  Is.,  and  they  suggested  it  would  not  be  a  bad  idea  if  the 
ordinary  offices  found  out  how  it  was  that  the  industrial  could  work 
so  cheaply.  A  point  often  overlooked  was  that  industrial  assurance 
was  necessarily  younger  than  ordinary  life  assurance.  The  big 
business  of  to-day  had  been  of  very  rapid  growth,  so  that  a  con- 
siderable proportion  of  the  expenditure  had  arisen  under  the  head 
of  new  business.  It  was  common  to  both  kinds  of  life  assurance 
companies  that  business  was  more  costly  in  its  first  year  than 
subsequently.  He  was  well  aware  that  there  was  a  limit  beyond  which 
a  life  office,  either  industrial  or  ordinary,  was  not  entitled  to  go  in 
its  transaction  of  new  business,  but  within  limits  it  was  the  case 
that  the  cost  was  greater,  and  that  should  be  borne  in  mind  in 
comparing  costs. 

Another  matter  on  which  he  had  held  wrong  views  was  with  regard 
to  solvency.  When  he  first  went  into  an  industrial  insurance 
company  he  had  the  old  idea  that,  unless  an  office  was  able  to  make 
a  net  premium  valuation  on  the  basis  of  rates  of  interest  and  mortality 
well  within  those  being  experienced,  it  ought  to  be  closed  down. 
He  knew  of  a  very  large  office  which  was  in  a  strong  position  to-day, 
but  which  25  years  ago  was  in  an  almost  helplessly  weak  condition. 
Had  he  then  been  of  the  age  he  was  now,  and  without  the  experience 
he  had  had  since  entering  the  industrial  business,  he  would  certainly 
have  advised  closing  the  office  down,  thus  doing  incalculable  harm 
to  hundreds  of  thousands  of  poor  people.  Fortunately  an  eminent 
actuary  on  that  occasion  was  called  in,  with  the  result  that  by 
careful  management  and  the  process  of  gradually  building  up 
strength,  the  company  had  been  saved.  Now  obviously  it  was  only 
possible,  at  the  outset  in  that  case,  to  produce  an  appearance  of 
solvency  by  employing  methods  in  the  valuation  which  one  would 
not  employ  if  valuing  for  the  purpose  of  distributing  a  surplus. 
There  were  two  distinct  points  always  to  consider.  Were  they 
valuing  as  a  test  of  solvency,  or  with  a  view  to  the  distribution  of 
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surplus  ?  He  thought  that  to  suggest  taking  one  standard  valu- 
ation would  be  altogether  wrong.  The  chief  point  was  whither 
the  office  was  tending — was  it  going  towards  higher  strength,  or 
going  downhill,  or  was  it  remaining  stationary  ?  The  vitality  of 
industrial  insurance  was  remarkable,  and  if  the  position  showed  that 
an  office  was  consistently  improving  from  year  to  year  there  should 
be  no  thought  of  closing  it  down  even  if,  at  the  moment,  its  position 
was  rather  weak.  He  said  that  now,  because  he  would  have  been 
prepared  to  take  the  other  view  had  he  been  asked  for  an  opinion 
some  years  ago. 

Mr.  C.  S.  KELHAM  wished  to  draw  attention  to  the  schedules 
contained  in  the  Appendices  to  the  Report.  The  Committee  stated 
that  they  were  unable  to  publish  the  whole  of  the  written  evidence, 
although  they  had  published  very  complete  minutes  of  the  oral 
examination  of  witnesses.  The  information  supplied  had  been 
condensed  in  the  schedules.  The  period  taken  for  the  statistical 
information  covered  ten  years.  It  was  unfortunate  that  a  large  part 
of  that  period  was  quite  abnormal.  The  schedules  would  require 
therefore,  to  be  read  with  great  care,  although  perhaps  it  was  hardly 
necessary  to  point  that  out  in  the  Institute.  As  an  instance,  in 
Appendix  B,  where  the  expenses, of  the  industrial  offices  and  col- 
lecting friendly  societies  were  shown,  the  expenses  included  dividends 
and  in  the  case  of  one  company  that  had  largely  reduced  its  dividends 
for  the  period  in  question  this  had  the  effect  of  allocating  the  divi- 
dends earned  in  one  year  to  the  premium  income  of  the  following 
year,  and  consequently  the  ratio  had  been  overstated. 

Mr.  H.  H.  AUSTIN  said  that  the  Report  should  be  read  and 
judged  in  connection  with  the  evidence  given.  The  tone  of  the 
Report  was  certainly  very  much  in  the  nature  of  an  indictment,  but 
he  was  inclined  to  think  that  a  wrong  impression  might  easily  be 
obtained  by  reading  the  Report  alone.  He  might  mention,  as  an 
example,  the  question  of  lapses.  The  information  given  to  the 
Committee  was  not  published  in  the  form  in  which  it  was  given  ; 
detailed  information  was  published  as  to  the  lapses  for  one  year, 
1913,  and  the  rest  of  the  information  was  lumped  together  in  an 
aggregate  table  covering  ten  years.  That  gave  no  weight  to  and 
completely  masked  the  very  great  change  that  had  taken  place  of 
recent  years  in  the  matter  of  lapses.  Then,  again,  in  Section  24  the 
subject  of  surrender  values  and  free  paid-up  policies  was  introduced 
with  the  statement  :  ' '  Industrial  policies  generally  carry  no  right 
to  surrender  value  or  a  free  paid-up  policy  upon  lapse  and  the 
Report  then  went  on  to  mention  that  the  cases  of  the  Prudential 
and  the  Aberdeen  and  Northern  Friendly  Society  were  exceptions 
from  which  it  might  be  inferred  that  these  were  the  only  exceptions. 
In  the  case  of  his  own  company,  which  was  by  far  the  largest  tran- 
acting  industrial  insurance  business  after  the  Prudential,  for  many 
years  free  policies  had  been  granted  after  five  years'  duration.  He 
considered  the  statement,  therefore,  misleading  and  inaccurate. 
On  the  subject  of  bonuses  and  distributions  to  the  public,  the 
Report  stated  on  page  5  that  "  in  the  case  of  the  other  companies 
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no  attempt  had  been  made  to  give  policyholders  a  share  in  the 
profits,  although  in  one  case  ....  it  was  claimed  that 
certain  additions  made  to  the  policies  ....  under  a  general 
revision  of  the  tables  were  in  the  nature  of  a  bonus  distribution." 
In  that  case  an  increase  of  benefits  was  given  to  the  whole  of  the 
policies  in  force  at  that  date,  it  was  paid  out  of  accumulated  profits, 
and  he  thought  it  must  be  admitted  it  was  a  bonus  in  every  sense 
of  the  word.  If  an  indictment  was  made  by  such  a  Committee,  at 
any  rate  it  should  be  studiously  fair  and  just. 

The  complaints  dealt  with  in  the  Report  were  of  two  kinds  : 
complaints  on  the  part  of  individual  policyholders  and  complaints 
on  the  part  of  the  public  generally  in  regard  to  matters  of  valuation, 
reserves,  and  probable  returns.  When  it  was  considered  that  the 
bulk  of  the  population  was  insured  in  these  offices  and  a  great  many 
of  them  were  ill-educated  people  who  were  quite  unfamiliar  with  the 
principles  of  insurance,  a  certain  number  of  complaints  from 
individuals  were  obviously  to  be  expected,  and  he  thought  the 
evidence  was  rather  astonishing  in  that  it  showed  so  few.  The 
Institute  was  more  concerned  with  complaints  of  the  second  kind. 
The  companies — not  only  the  actuaries  but  the  companies  as  a 
whole — were  far  from  taking  up  an  attitude  simply  of  criticism  of, 
or  resistance  to,  the  suggestions  that  were  made.  One  of  the  most 
important  recommendations  of  the  Committee  was  on  the  subject 
of  the  standard  valuation.  He  thought  that  the  arguments  against 
a  standard  valuation  for  ordinary  companies  applied  to  industrial 
assurance  with  even  greater  force.  There  would  be  a  strong 
tendency  for  the  minimum  to  become  the  maximum.  Industrial 
offices  were  already  much  criticized  by  members  of  the  field  staff 
for  accumulating  too  much  in  the  way  of  reserves  and  frequently 
an  actuarial  defence  of  such  reserves  was  treated  by  them  with 
scant  respect.  It  was  beyond  their  comprehension,  and  they  were 
convinced  that  the  reserves  were  not  necessary.  The  institution  of 
what  was  in  effect  a  Government  standard  would  undoubtedly  very 
strongly  reinforce  that  criticism,  and  he  thought  in  many  cases  it 
would  be  almost  impossible  for  companies  to  keep  a  reserve  stronger 
than  the  standard  laid  down.  A  standard  valuation  would  also 
appear  to  lack  sufficient  elasticity  to  meet  the  varying  circumstances 
of  different  offices,  although  he  was  not  clear  as  to  what  was  meant 
by  the  suggested  minimum  basis.  It  might  be  a  basis  having  some 
relation  to  the  age  and  constitution  of  the  business  in  question — 
rather  an  important  point  in  industrial  business — or  to  the  earned 
interest  rate  or  to  the  experienced  mortality  rates  and  so  on,  but  he 
thought  that  such  a  basis  would  simply  raise  fresh  difficulties  without 
removing  the  main  objections  of  principle.  For  example,  a  company 
recently  established  and  whose  solvency  was  in  question  would  have 
a  small  proportion  of  invested  assets,  and  that  would  probably,  by 
any  formula  prescribed  for  the  determination  of  the  rate  of  interest, 
bring  out  a  low  rate  of  interest  and  entail  a  high  reserve,  while 
statistics  of  its  mortality  experience  would  be  probably  non-existent. 

It  had  been  mentioned  that  freedom  from  official  trammels  and 
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publicity  had  been  guiding  principles  in  the  past  which  had  worked 
very  satisfactorily,  but  he  did  not  think  these  principles  could  be 
assumed  without  question  to  be  sufficient  for  all  cases.  Small 
collecting  friendly  societies  were  in  a  class  by  themselves.  There 
was  undoubtedly  great  danger,  if  the  Report  were  not  read  with 
care,  that  criticisms  which  applied  to  such  societies  would  be 
supposed  to  apply  to  industrial  insurance  institutions  which  did  not 
come  in  the  same  category.  In  the  one  case  a  deposit  of  £20,000 
was  necessary,  and  in  the  other  it  was  not,  and  where  it  was  not 
necessary  many  abuses  arose,  and  he  thought  that  to  some  extent 
the  whole  business  was  prejudiced  by  that.  It  would  not  be 
necessary  to  take  into  account  the  possible  formation  of  new  con- 
cerns, provided  steps  were  taken,  as  suggested  in  the  Report,  to 
bring  Friendly  Societies  into  line  by  a  deposit.  The  business  of 
industrial  insurance  was  so  difficult  and  so  likely  to  be  unremuner- 
ative,  that  the  formation  of  new  companies  was  improbable.  Any 
further  development  would  be  probably  on  the  part  of  existing 
insurance  institutions,  and  would  therefore  have  a  good  backing, 
but  even  if  limited  to  existing  institutions  a  standard  valuation 
as  a  test  for  solvency  seemed  a  very  clumsy  and  inefficient  instru- 
ment. The  recommendation  did  not  suggest  that  steps  should  be 
taken  with  a  view  to  winding-up  simply  by  reason  of  a  deficiency 
being  shown  on  the  prescribed  valuation  basis,  but  that  the  con- 
trolling authority  in  such  a  case  should  be  empowered  to  apply  to 
the  Court  for  a  winding-up  order  if,  after  investigation,  it  was 
satisfied  that  the  existence  of  the  company  should  be  terminated. 
That  power,  he  thought,  could  be  just  as  well  exercised  without 
any  reference  to  a  prescribed  standard  valuation.  It  was,  indeed, 
admitted  in  the  Report,  by  implication,  that  the  effect  of  a  valuation 
falling  short  of  a  standard  was  not  necessarily  sufficient  ground  for 
taking  action.  A  very  brief  glance  at  the  history  of  industrial 
insurance  appeared  to  show  that  the  well-established  concerns 
gained  firm  foothold  and  financial  stability  in  times  when  the  benefits 
were  less  in  relation  to  the  premiums  than  they  were  at  the  present 
day.  although  they  had  other  difficulties  to  contend  with,  and  a 
good  deal  of  money  was  put  into  them  which  was  lost  or  was  un- 
remunerative.  As  those  concerns  progressed  they  gave,  under 
stress  of  competition  and  to  attract  patronage,  extended  benefits 
and  privileges,  and  at  the  present  day  premiums  were  very  much 
more  closely  adjusted  to  benefits  than  they  had  been,  and  in  fact 
were  very  closely  adjusted. 

With  regard  to  shareholders'  dividends,  payments  to  directors  • 
and  grants  of  free  policies  and  surrender  values,  he  thought  that  in 
the  case  of  many  companies  a  very  small  deduction  from  the  pre- 
miums, probably  2  per-cent  or  3  per-cent,  would  more  than  extin- 
guish any  dividends  to  shareholders  or  payments  to  directors,  and 
probably  over  the  whole  business  5  per-cent  on  the  premiums 
would  more  than  cover  the  whole  of  the  dividends  paid.  Smaller 
companies  now,  for  the  purposes  of  competition,  found  it  necessary 
in  most  cases  to  give  benefits  similar,  in  the  matter  of  sums  assured, 
to  those  of  the  better-established  institutions,  although  there  might 
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be  a  set-off  in  some  cases,  in  that  they  did  not  grant  the  same  benefits 
in  regard  to  cash  surrender  and  free  policies. 

It  was  important  to  bear  in  mind  that  the  present  was  a  period 
of  great  change  ;  he  did  not  suppose,  in  the  whole  history  of  indus- 
trial assurance,  there  had  been  a  time  when  so  many  forces  making 
for  rapid  change  had  been  operating.  There  was  very  diverse 
pressure  put  upon  the  companies  both  to  reduce  and  to  increase 
expenditure.  From  the  Press,  the  public,  Parliament  and  various 
quarters,  there  was  a  general  statement  that  the  expenses  were  too 
high  and  that  they  must  be  brought  down,  and  he  was  not  sure  that 
that  criticism  had  not  been  invited  by  admissions  on  their  part  that 
expenses  were  too  high  and  ought  to  be  reduced.  Xaturally  it  was 
to  the  interest  of  all  companies  to  reduce  expenses,  and  nothing 
should  be  left  undone  to  that  end,  but  for  the  service  that  was 
rendered  he  did  not  think  it  could  be  said  the  expenditure  at  the 
present  time  was  high.  If  the  views  of  agents  and  people  who  served 
the  public  were  taken,  they  would  say  that  industrial  insurance  was 
the  cheapest  thing  the  working  man  had.  In  the  case  of  particular 
companies  there  was  a  rapid  concentration  of  debits  into  fewer  hands 
and  great  extension  of  monthly  business.  Generally  there  was  a 
great  rise  in  the  rate  of  interest  obtainable  on  investments,  and  from 
his  own  observation  there  was  at  the  present  time  a  considerable 
variation  of  a  favourable  character  from  the  normal  standards  of 
mortality.  Further,  as  Sir  Joseph  Burn  had  brought  out,  the 
average  premium  per  policy  had  increased  very  rapidly.  All  the 
considerations  mentioned  needed  to  be  brought  into  calculation  when 
there  was  any  question  as  to  the  necessity  of  winding  up  a  company. 
A  long  time  ago  he  had  occasion  to  look  into  the  affairs  of  a  company 
and  he  found  that  over  a  period  of  two  or  three  years,  having  started 
with  very  weak  reserves,  their  real  assets  had  not  increased  at  all. 
In  the  absence  of  some  very  favourable  circumstances  that  would 
seem  to  be  a  case  calling  for  serious  consideration  as  to  whether 
in  the  public  interest  the  company  should  be  allowed  to  continue. 
Incidentally  he  might  say  that  that  company  has  since  been  taken 
vigorously  in  hand  and  was  in  a  very  different  position  to-day. 
To  wind  up  a  company  which,  if  left  alone,  would  develop  strength 
and  stability,  would  cause  a  shock  to  the  whole  business  and  would 
be  of  no  advantage  to  the  public.  The  point  that  was  made  in 
the  Report,  that  surrender  and  free  policy  values  should  be  made 
obligatory  after  a  period  of  seven  years,  needed  careful  consideration. 
He  did  not  think  there  would  be  any  real  opposition  to  such  a  sugges- 
tion, but  if  reference  were  made  to  a  paper  read  at  the  Institute 
by  Messrs.  Ackland  and  Bacon  some  time  ago  it  would  seem  that  the 
inclusion  of  those  items  in  the  valuation  made  a  very  appreciable 
difference  to  the  reserve  which  it  was  necessary  to  keep  on  the  bases 
they  were  considering.  He  would  not  rule  out  the  possibility  that 
a  company  might  need  to  take  into  account  the  lapse  element  and 
to  keep  negative  values  in  its  reserves.  As  a  counsel  of  perfection 
he  supposed  no  actuary  would  advocate  that  course,  but  it  might  be 
the  lesser  of  two  evils  as  compared  with  winding  up.  The  position 
of  an  actuary  in  these  matters  was  very  often  one  of  great  com- 


160 


Discussion  on  Industrial  Assurance. 


[Oct. 


plexity,  he  might  lay  down  what  was  a  strong  standard  of  valuation 
and  bring  out  a  heavy  deficiency,  or  he  might  recommend  something 
which  he  thought  would  be,  and  which  probably  was,  sufficient  in 
the  long  run  to  safeguard  all  interests.  The  first  course,  a  deficiency 
in  the  valuation,  would  probably  mean  an  increase  in  such  an  item 
as  establishment  expenses  in  the  balance  sheet.  It  might  be  that  it 
was  better  to  bring  such  an  item  plainly  into  view  in  the  balance 
sheet  rather  than  have  it  hidden  in  the  valuation.  As  against  that 
the  actuary  who  had  an  admittedly  weak  valuation  would  get  some 
chance  of  bringing  pressure  to  bear  to  strengthen  the  valuations, 
whereas  it  was  quite  conceivable  that  directors  might  become  case- 
hardened  to  such  an  item  as  extension  expenses  in  the  general 
balance  sheet. 

The  PRESIDENT  said  that,  as  he  had  taken  occasion  on  a 
comparatively  recent  date  to  warn  the  representatives  of  industrial 
offices  that  they  were  liable  to  attack  and  that  the  central  point  of 
attack  would  be  their  expense  ratio,  he  wished  now  to  say,  on 
further  consideration  of  the  subject,  and  in  the  light  of  information 
since  given  to  him  to  the  effect  that  the  industrial  offices  were  them- 
selves now,  and  at  the  time  when  he  spoke,  taking  steps  to  reduce 
their  expenditure,  that  he  felt  that  industrial  assurance,  in  the  form 
in  which  it  existed,  could  not  be  conducted  except  at  a  very  high 
ratio  of  expense,  and  the  question  for  consideration  was  whether 
the  benefits  which  it  offered  to  the  public  were  commensurate  with 
the  unavoidable  expense.  He  believed  that  they  were.  When  he 
heard  from  Mr.  Laing  the  figures  which  he  had  given,  comparing 
expenses  with  the  volume  of  transactions,  he  was  surprised  that  it 
was  possible  to  conduct  so  vast  a  business  at  so  low  a  charge  per 
transaction.  If  the  facts  were  better  appreciated  amongst  the 
public  and  amongst  those  who  criticized  industrial  assurance 
companies,  it  would  be  very  much  to  the  advantage  of  the  com- 
panies ;  and  the  discussion,  in  bringing  out  that  fact,  had  done 
very  much  to  assist  the  companies  in  their  difficult  task.  Sir 
Joseph  Burn  had  asked  whether  it  was  not  fair  to  use  some  portion 
of  the  shareholders'  money  in  building  up  an  organization.  To  the 
question  put  in  that  form  he  thought  the  general  answer  must 
certainly  be  yes,  but  that  did  not  exhaust  it,  and  the  reply  must 
be  qualified  by  saying  that  the  question  wore  a  different  aspect  and 
was  capable  of  a  different  answer  if  that  part  of  the  shareholders' 
money  which  had  been  so  used,  and  in  addition  other  intangible 
assets  such  as  negative  values  or  an  allowance  for  the  lapse  element, 
were  brought  into  account  as  divisible  surplus,  when  that  surplus 
was  to  be  distributed  amongst  policyholders,  and  still  more  when  it 
was  to  be  given  to  the  shareholders  as  dividends.  When  it  came 
to  that  point  the  matter  required  very  careful  consideration,  and 
must  be  faced  with  all  the  courage  of  which  the  responsible  actuary 
was  capable.  He  was  not  well  enough  informed  as  to  the  position 
of  actuaries  in  industrial  offices  generally  to  say  whether  the 
reflections  which  were  implied  in  the  Report  were  justified  or  not, 
but  he  should  like  to  endorse  what  Mr.  Besant  had  said,  that  in 
any  difficulties  which  might  face  actuaries  in  the  conduct  of  their 
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business,  if  they  were  satisfied  that  within  the  limits  of  their 
responsibilities  they  were  doing  all  that  they  could,  and  all  that 
they  properly  ought  to  do,  in  resisting  any  undue  pressure  which 
might  be  brought  upon  them,  they  would  be  assured  of  the  support 
of  the  Institute  in  any  action  they  might  take.  He  had  been  very 
much  surprised  to  read  in  the  Report  the  paragraph  relating  to  the 
Courts  (Emergency  Powers)  Act.  All  the  members  knew  what  an 
infinity  of  mischief  that  Act  had  done  to  industrial  offices,  and  that 
there  should  be  any  attempt  to  carry  on  that  mischief,  even  tem- 
porarily, and  to  remedy  it  in  the  manner  which  was  suggested  in  the 
Report  was  quite  unreasonable.  He  wished  to  thank  Sir  Joseph 
Burn  for  opening  the  discussion,  which  had  proved  an  interesting 
one,  and  one  which  should  be  valuable,  not  only  to  the  members, 
but  to  the  public  generally. 


Stirling's  approximate  formula  for  n  ! 

[In  amplification  of  the  Editorial  Note  on  p.  106  of  this  vol  nine  we  have 
pleasure  in  publishing  the  following  further  contribution  from  Mr.  Lidstone. — 
Eds.  J. I. A.j 

TlIE  point  of  Cesaro's  proof  and  of  the  extension  given  by 
the  writer  lies  in  expressing  the  upper  and  lower  limits  of 
A  log.  ty(n)  in  the  form  U»  —  Uw+i.  Since  the  note  was  closed 
for  press,  it  has  been  found  that  by  the  same  methods  we  may 
replace  the  inferior  limit  found  for  n  !  by  anotjger  which  is 
both  nearer  the  true  value  and  in  closer  agreement  with  that 
found  by  higher  methods.    We  have 
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*  Provided  n  >  \,  a  condition  which  does  not  effectively  limit  the  generality 
of  the  results. 
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Hence,  using  this  value  of  t(n)  and  proceeding  otherwise  as 
before,  we  shall  find  (n  >  1) 

n  !  <  Cnn+h-n.eV12" 

>  Cnn+^e~n  e1/12n-1/:J60<^^;?-", 

the  second  limit  being  much  closer  than  that  given  on 
pp.  104  and  105. 


LEGAL  NOTES. 
By  William  Charles  Sharman,  F.I.A.,  Barrister-at-Law. 

Deferred  Th  E  case  of  CarmicliaeV  s  Executrix  v.  Carmichael, 
™mw™fitumC7'  57  S.L.R.  547,  which  was  an  appeal  from  the 
Court  of  Session  (Scotland)  to  the  House  of  Lords, 
is  of  interest.  H.  F.  Carmichael  took  out  on  the  life  of  his 
son  a  policy  of  deferred  assurance  which  provided  that 
up  to  the  son's  majority  he,  the  father,  might  surrender,  or  in 
the  case  of  the  son's  death  before  that  event  receive  repayment 
of  the  premiums  paid.  The  son,  if  he  attained  his  majority, 
could  maintain  the  policy  by  continuing  payment  of  the 
premium,  i^ which  case  the  sum  assured  was  payable  to  his 
executors  or  assignees  on  his  death,  or  he  might  exercise 
certain  options.  The  father  retained  the  policy  in  his  own 
custody.  The  son  attained  his  majority  and  died  before  a 
further  premium  was  due,  and  a  competition  resulted  between 
the  son's  executrix  and  the  father  as  to  the  assured  fund.  The 
House  of  Lords,  reversing  the  judgment  of  the  Court  of 
Session,  held  that  the  executrix  was  entitled  to  the  fund 
inasmuch  as  the  son  at  his  death  had  a  jus  quaesitum  in  the 
policy.  The  material  portions  of  the  policy  are  as  follows  : 
"  Whereas  Hugh  Fletcher  Carmichael,  consulting  engineer, 

Hong  Kong,  herein  called  the  grantee,  has  proposed  to 
"  effect  an  assurance  with  the  English  and  Scottish  Law  Life 
u  Assurance  Association  for  the  sum  of  One  Thousand  pounds 
"  upon  the  life  of  his  son  Ian  Neil  Carmichael  (stated  to  have 

been  born  on  the  twenty-ninth  day  of  October  1894), 
"  hereinafter  called  the  life  assured,  on  the  terms  hereinafter 
"  stated,  and  has  delivered  at  the  offices  of  the  said  association 
u  a  proposal  and  declaration   And  whereas  the  grantee 
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<c  has  paid  to  the  association  the  sum  of  Nine  pounds  ten 
"  shillings  premium  for  the  year  terminating  on  the  twenty- 
"  first  day  of  October  1904  inclusive,  and  has  agreed  to  pay 
"  to  the  association  the  like  premium  on  the  twenty-second 
"  day  of  October  1904  and  on  every  subsequent  twenty  - 
"  second  day  of  October  up  to  and  inclusive  of  the  twenty- 
"  second  day  of  October  1914.  Now  this  policy  witnesseth 
"  that  if  the  life  assured  shall  die  before  the  twenty-ninth  day 
"  of  October  in  the  year  One  thousand  nine  hundred  and  fifteen, 
"  then  the  funds  and  other  property  of  the  association  shall 
be  subject  a*nd  liable,  according  to  the  provisions  of  the  deed 
"  of  settlement  of  the  association  and  of  the  resolutions 
"  endorsed  thereon,  to  repay  at  one  of  the  principal  offices  of 
"  the  association  in  Edinburgh,  or  London,  or  at  the  office  in 
"  Dublin,  to  the  grantee,  his  executors,  administrators,  or 
"  assignees,  immediately  after  the  death  of  the  life  assured 
"  (prior  to  the  said  twenty-ninth  day  of  October  1915)  and  his 
"  age  and  the  title  to  this  policy  shall  have  been  proved  to  the 
"  satisfaction  of  the  directors  of  the  said  association,  all  the 
ii  said  premiums  so  paid  by  the  grantee  or  his  foresaids,  but 
"  without  any  interest  thereon,  and  the  receipt  of  the  grantee 
"  or  his  foresaids  shall  also  be  a  good  discharge  to  the 
"  association  for  any  surrender  value  allowed  under  this 
"  policy  prior  to  the  said  twenty-ninth  day  of  October  1915. 
"  But  should  the  life  assured  live  until  the  said  twenty-ninth 
"  day  of  October  1915  and  so  attain  twenty-one  years  of  age, 
"  and  he  or  his  assignees  shall  continue  thereafter  to  pay  to 
"  the  said  association  the  premium  of  Nine  pounds  and  ten 
"  shillings  on  the  said  twenty-second  day  of  October  in  each 
"  year  during  the  continuance  of  this  assurance,  then  the 
"  funds  and  other  property  of  the  association  shall  be  subject 
"  and  liable  as  aforesaid  to  pay  at  one  of  its  said  offices  to  the 
"  executors,  administrators,  or  assignees  of  the  life  assured 
"  immediately  after  the  death  of  the  life  assured  (on  or 
iC  subsequent  to  the  said  twenty -ninth  day  of  October  1915), 
(:  and  his  age  and  the  title  of  this  policy  shall  have  been 
"  proved  as  aforesaid,  the  said  sum  of  One  thousand  pounds 
"  of  lawful  money  of  Great  Britain." 

Lord  Dunedin,  in  the  course  of  a  very  learned  judgment, 
said :  "  The  question  therefore  comes  to  be — Had  Ian 
"  Carmichael  a  jus  quaesitum  tertio  under  the  policy  which 
"  passed  the  proceeds  thereof  to  his  executrix  ?    I  think  it 
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"  very  necessary  to  begin  by  pointing  out  that  the  expression 
"  jus  quaesitum  tertio  is  in  different  cases  and  different 
"  circumstances  used  in  a  varying  sense,  or  perhaps  I  might 
"  better  say,  is  looked  at  from  a  different  point  of  view.  The 
"  one  sense  is  meant  when  the  question  being  considered  is 
"  simply  whether  the  tertius  C  has  the  right  to  sue  A  in 
"  respect  of  a  contract  made  between  A  and  B  to  which 
"  contract  0  is  no  party.  The  controversy  then  arises  between 
u  C,  who  wishes  to  sue,  and  A  who  denies  his  title  to  do  so. 
"  It  is  here  that  there  is  a  sharp  technical  diversity  between 
"  the  laws  of  England  and  Scotland.  In  England  no  matter 
"  how  much  the  contract  contained  provisions  for  behoof  of 
"  C,  C  could  never  sue  at  law.  In  equity  he  could  sue,  but 
"  he  could  only  sue  if  by  the  terms  of  the  contract  he  could 
"  successfully  maintain  that  A  was  constituted  a  trustee  in  his 
"  favour.  In  Scotland  if  the  provision  is  expressed  in  favour 
"  of  C  he  can  sue,  and  this  is  often  designated  by  saying  '  He 
"  has  a  jus  quaesitum  tertio.'  Probably  the  reason  of  the 
"  difference  indicated  lies  in  the  simple  fact  that  in  Scotland, 
"  law  and  equity  were  never  separate.  Another  familiar 
"  illustration  of  the  same  class  of  difference  will  be  found  in 
"  the  right  of  an  assignee  in  Scotland  to  sue  in  his  own  name 
"  — a  right  which  at  common  law  in  England,  apart  from 
"  statute,  he  did  not  possess.  But,  as  already  stated,  in  all 
"  this  class  of  cases  the  controversy  is  between  A  and  C.  B 
"  is  either  no  longer  existent,  or  is  so  far  as  he  is  concerned 
"  quite  willing  that  0  should  exact  his  rights  ....  The  other 
"  sense  of  the  expression  is  when  the  emphasis  is,  so  to  speak, 
"  on  the  quaesitum,  and  when  the  controversy  arises  not 
"  between  C  and  A,  but  between  C  and  B.  In  such  a  case  A 
"  is  willing  to  perform  his  contract,  and  the  contract  in  form 
"  provides  that  A  shall  do  something  for  C,  but  B  or  those 
"  who  represent  B's  estate  interfere  and  say  that  B  and  not  C 

"  is  the  true  creditor  in  the  stipulation  It  is  needless 

"  to  say  that  the  present  case  is  one  of  the  latter  category.  .  . 
"  Using  the  letters  as  above  A  is  here  willing  to  pay.  The 
"  controversy  is  as  to  whether  B  or  C  is  entitled  to  receive.  .  .  . 

"   We  are  -entitled,  I  think,  to  look  to  the  nature  of  the 

"  insurance  effected,  the  incidents  which  are  connected  with 
"  it,  and  the  objects  which,  according  to  the  prospectus 
"  attached  to  the  form  which  Mr.  Carmichael  signed,  are 
"  sought  to  be  obtained.    So  doing  I  find  a  contract  winch 
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"  makes  a  marked  distinction  between  the  period  up  to  the 
"  majority  of  the  life  assured  and  the  period  thereafter.  Up 
"  to  the  majority  it  is  the  taker  of  the  policy — the  grantee  as 
fe  he  is  called — who  engages  to  pay  the  premiums,  who  can 
"  stop  paying  if  he  likes  and  transact  as  to  a  surrender  value, 
(<  and  who,  if  the  life  fails  to  attain  majority  is  entitled  to  a 
"  return  of  the  mone}r  paid  but  without  interest.  After 
"  majority  the  whole  scheme  alters,  the  grantee  no  longer 
"  engages  to  pay  the  premiums,  but  the  life  assured  is  given 
"  several  options.  He  may  elect  to  continue  to  pay  the 
"  premiums  and  keep  the  policy  as  an  ordinary  policy,  or  he 
"  may  convert  it  into  a  paid  up  policy,  or  into  an  endowment 
<f  policy,  or  he  may  receive  a  cash  payment.  These  options 
"  given  to  the  life  assured  but  not  to  the  grantee  are  strangely 
u  inconsistent  with  the  idea  of  there  being  no  vested  right  in 
"  the  life  assured,  and  consistent  with  the  idea  of  promoting 
"  thrift  in  the  person  of  the  life  assured.  I  next  turn  to  the 
"  fact  that  during  the  period  in  which  action  was  open  to  the 
"  o-rantee  no  action  was  taken.  Then  comes  the  fact  that 
"  the  son  undoubtedly  knew  of  the  assurance — a  knowledge 
"  which  it  is  legitimate  to  conclude  came  through  his  father, 

f<  though  the  proof  falls  short  of  direct  communication  

"  Taking  all  the  circumstances  together  I  come  to  the 
"  conclusion  that  we  have  here  the  evidence  necessary,  when 
taken  along  with  the  terms  of  the  document,  to  show  that 
y  an  irrevocable  jus  quaesitum  was  constituted  in  favour  of 
"  Ian  Carmichael,  that  the  proceeds  of  the  policy  which,  by 
"  the  conception  of  the  contract,  fall  to  be  paid  to  his 
"  executors,  truly  belong  to  them,  and  that  therefore  the 
"  present  appeal  should  be  allowed." 


The   liability   of   an   assurance    society  for  the- 
Misrepresentation  1111  SI*  epresentatious  of  its  agent  was  considered  by 
the  Irish  Courts  in  the  case  of  Bryne  v.  Rudd  and 
others,  Trustees  of  the  City  of  Dublin  Assurance  Society, 
reported  in  the  King's  Bench  Division  (1920),  2  I.R.  12. 

In  this  case  the  plaintiff  was  a  railway  servant,  and 
the  defendants  were  the  Trustees  of  the  City  of  Dublin 
Assurance  Collecting  Society,  a  friendly  society  registered 
under  the  Friendly  Societies  Act,  1896.  The  society  employed 
agents  who  canvassed  for  persons  to  join  the  society  as 
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members  for  certain  premiums,  and  among  other  objects 
granted  endowment  policies. 

Evidence  was  offered  that  one  of  the  society's  agents 
visited  plaintiff  at  his  residence  in  December  1917,  and 
represented  to  him  that  if  he  insured  and  took  out  an 
endowment  policy  in  the  said  society,  and  paid  a  first 
premium  of  £7.  5s.  KM,  he  could  obtain  an  immediate  loan 
•of  £100  without  security  and  without  interest.  The  plaintiff 
was  desirous  of  getting  the  loan  in  order  to  purchase  certain 
land  which  was  being  distributed  amongst  the  poor  people  of 
the  district  at  a  reduced  price  by  trustees,  who  had  purchased 
a  large  estate.  The  agent  was  aware  of  this,  and  discussed 
it  with  the  plaintiff.  The  plaintiff  signed  a  proposal  and 
application  for  a  policy,  which  declared  that  the  proposal 
should  be  the  basis  of  the  contract  entered  into  between  him 
and  the  society,  and  that  the  proposer  had  signed  the 
proposal,  having  first  read  the  prospectus.  The  plaintiff  had 
not  in  fact  read  the  prospectus,  nor  were  its  contents 
communicated  to  him.  The  prospectus  contained  a  statement 
that  loans  to  members  would  be  granted  on  approved  security 
after  one  year's  membership.  The  plaintiff  borrowed  the  said 
sum  of  £7.  5s.  10d.,  and  paid  it  to  the  society,  whose  receipt 
was  proved. 

An  endowment  policy,  dated  1  December  1917,  for 
the  sum  of  £200,  was  produced  in  Court.  The  plaintiff 
admitted  that  a  green  book  was  shown  to  him  by  the  agent, 
but  stated  that  he  did  not  read  it,  and  that  its  contents  were 
not  communicated  to  him.  No  evidence  was  offered  that 
plaintiff  knew  that  the  society  was  a  friendly  society  within  the 
meaning  of  the  Friendly  Societies  Acts,  and  as  such  could 
only  make  loans  to  members  of  at  least  one  full  year's 
standing.  In  -February  1918,  the  plaintiff  applied  to  the 
society  for  a  loan  of  £100  on  his  policy,  but  was  informed 
that  no  loans  were  granted  until  a  policy  had  been  a  year  in 
force,  and  that  in  any  event  he  had  not  stated  what  security 
he  intended  to  offer. 

The  King's  Bench  Division  (Gibson  and  Gordon,  J.J., 
sitting  as  a  Divisional  Court),  held  that  the  complete 
absence  of  authority  in  the  agent  to  make  a  representation,  or 
to  give  the  undertaking,  made  it  impossible  for  the  plaintiff 
either  to  fix  the  society  with  fraud  or  recover  back  the  cash  ; 
and  that,  viewed  as  an  ultra  vires  transaction,  the  payment 
could  not  found  any  legal  remedy. 
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The  Court  of  Appeal  (reversing  the  King's  Bench 
Division)  held  that  the  society  could  not  be  allowed  to  retain 
money  which  had  been  procured  for  and  received  by  it 
under  a  contract  which  the  assured  had  been  induced  to  enter 
into  by  the  fraudulent  misrepresentation  of  its  agent;  that 
even  though  the  agent's  representation  involved  the  doing  of  an 
act  which  was  illegal  or  ultra  vires  on  the  part  of  the  principal, 
he  was  nevertheless  acting  within  the  scope  of  his  authority 
in  making  it,  in  so  far  at  least  as  to  deprive  the  society  of  the 
right  to  retain  any  benefit  under  it. 

Sir  James  Campbell,  Chancellor,  in  his  judgment,  referred 
to  the  decisions  of  the  Court  of  Appeal  in  the  cases, 
British  Workman's  &  General  Assurance  Co.  v.  Cunlijje, 
18  T.L.R.  425,  and  Harse  v.  Pearl  Life  Assurance  Co.  (1903), 
2  K.B.  92,  and  said: 

"  These  two  cases  are  clear  and  distinct  authorities  for  the 
'"  proposition  that  a  plaintiff  is  entitled  to  recover  back  from 
"  the  insurers  the  premiums  he  has  paid  under  a  contract  of 
"  insurance  into  which  he  has  been  induced  to  enter  by  the 
fraudulent  misrepresentation  of  the  agent  of  the  insurers  in 
u  reference  to  a  subject  which,  to  some  extent,  at  least,  as  in 
"  the  case  before  us,  involved  a  matter  of  law,  namely,  the 
"  validity  of  the  contract,  or  the  particular  obligations  which 
"  it  imposed  upon  the  company." 

The  Chancellor  also  referred  to  the  judgments  in 
Kettlewell  v.  Refuge  Assurance  Co.  (1907),  2  K.B.  242,  and  J.L.A., 
vol.  xli,  p.  574,  vol,  xlii,  p.  401,  and  vol.  xliii,  p.  351 ;  Tofts  v. 
Pearl  Life  Assurance  Co.  (1915),  1  K.B.  189,  and  J.L.A.,  vol.xlix, 
p.  93,  and  Hughes  v.  Liverpool  Victoria  Legal  Friendly  Society 
(1916),  2  K.B.  482,  and  J.LA  ,  vol.  1,  pp.  39  and  120,  and 
continued  :  "  These  important  judgments  established  beyond 
"  question  that  an  insurance  company  is  not  entitled  to  retain 
"  as  against  the  insured  the  premiums  that  he  has  paid  under 
"  a  policy  which  he  has  been  induced  to  effect  by  the 
"  fraudulent  representation  of  the  agent  of  the  company,  even 
"  though  such  representation  amounts  to  a  mis-statement  of 
"  law,  or  involved  his  principal  in  an  obligation  which  he  was 
"  by  law  prohibited  from  performing.  Every  line  in  these 
"  judgments  is  at  variance  with  the  reasoning  and  conclusion 
"  of  the  judgments  of  Gribson  and  Gordon,  J. J.,  and  completely 
"  disposes  of  the  suggestion  that  a  principal  is  entitled  to 
"  retain  the  profits  of  a  contract  induced  by  the  fraudulent 
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"  representation  of  his  agent,  in  any  case  in  which  the 
"  representation  involves  the  doing  of  an  act  which  was  illegal 
"  or  ultra  vires  on  the  part  of  the  principal/'' 


Memorandum  of  Sectio11  9,  sub-section  3  (a)  of  the  Companies 
Aiwfcf      (Consolidation)   Act,  1908,  requires   that  notice 

objects  clause.  ,   -,  •  ,  to 

must  be  given  to  any  persons  or  class  of  persons 
"  whose  interest  will,  in  the  opinion  of  the  Court,  be  affected 
"  by  the  alteration  before  the  Court  will  confirm  alterations 
of  the  objects  clause  in  the  memorandum  of  association.  In 
the  case  of  Hearts  of  Oak  &  General  Assurance  Co.,  Limited, 
In  re,  reported  89  L.J.  Ch.  241,  it  was  held,  on  a  petition  by 
a  company  whose  principal  object  was  general  and  industrial 
life  assurance  to  confirm  certain  alterations,  that  the 
sub -section  only  refers  to  persons  or  classes  of  persons  who 
have  interests  in  the  petitioning  company  and  not  to  those 
who  have  interests  outside  the  company,  which  may  be 
affected ;  and  consequently  that  a,  rival  society  carrying  on  a 
similiar  business  to  that  which  the  company  is  seeking  to  carry 
on  cannot  claim  to  be  heard  on  the  ground  that  its  interests 
will  be  affected  if  the  petition  is  granted. 


Where  a  trustee  before  his  appointment  acquires 
KnoSge  of  new  knowledge  of  an  incumbrance  on  the  trust  estate 

trustee.    Notice.  -\  ,  i      ,  i  -i  i  -it 

m  such  a  way  that  as  a  reasonable  man  he  would 
on  his  appointment  act  upon  and  regulate  his  conduct  in  the 
execution  of  the  trust  by  the  information  so  acquired,  and 
that  knowledge  continues  to  operate  on  his  mind  in  the  same 
way  after  his  appointment,  notice  given  to  him  after  his 
appointment  by  a  subsequent  incumbrancer  will  not  displace 
the  priority  of  the  earlier  incumbrance.  This  was  the 
decision  of  Lawrence  J.,  in  the  case  of  The  Ipswich  Permanent 
Money  Club,  Ltd.,  v.  Arthy,  reported  (1920),  2  Ch.  257. 

The  facts  are  briefly  as  follows  :  In  1903  William 
Spendelow,  the  sole  trustee  of  a  trust  estate,  mortgaged  his 
reversionary  interest  in  the  trust  estate  to  the  defendant, 
Arthy,  and  in  1907  he  again  mortgaged  his  reversionary 
interest  to  the  plaintiffs  without  disclosing  Arthy's  mortgage. 
William  Spendelow's  reversionary  interest  was  insufficient  to 
pay  both  mortgages.  In  July  1908  the  plaintiffs  became 
aware  of  William  Spendelow's  fraud,  and  negotiations  then 
ensued  and  were  still  pending  between  them  and  Harry 
Spendelow  (the  brother  of  William  Spendelow)  when  Harry 
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Spendelow  on  23  September  1908,  procured  himself  to  be 
appointed  a  new  trustee  of  the  trust  estate  in  order  to  deal 
with  the  situation  occasioned  by  the  brother's  fraud.  On 
29  September  1908,  the  plaintiffs  again  wrote  to  Harry 
Spendelow  referring  in  effect  to  the  fraud  and  pressing  for 
an  answer.  Harry  Spendelow  replied  that  he  could  do 
nothing,  and,  on  28  October  1908,  gave  to  the  plaintiffs  and 
to  Arthy  notice  that  he  had  been  appointed  a  new  trustee. 
Thereupon  the  plaintiffs  through  their  solicitors  on  30  October 
1908,  gave  Harry  Spendelow  formal  notice  in  writing  of  their 
mortgage,  and  subsequently  the  transferee  of  Arthy's 
mortgage  gave  to  him  formal  notice  of  his  security.  After 
the  reversionary  interest  had  fallen  into  possession  the 
plaintiffs  claimed  priority  on  the  ground  that  their  notice  to 
Harry  Spendelow  after  his  appointment  as  trustee  was  first 
in  point  of  date,  and  relied  on  In  re  Dallas  (1904),  2  Ch.  385. 
In  the  course  of  his  judgment  Lawrence,  J.,  said  : 
"  The  plaintiffs  rest  their  case  entirely  upon  their 
"  solicitors'  letter  of  30  October,  1908,  which  they  contend 
"  operated  to  displace  the  priority  of  Arthy's  mortgage  and 
"  to  give  priority  to  the  plaintiffs'  mortgage.  The 
"  submissions  made  to  me  in  support  of  this  contention  were, 
"  first,  that  the  rule  in  Dearie  v.  Hall,  3  Buss.  1,  applies  to  the 
"  plaintiffs'  and  Arthy's  mortgages ;  secondly,  that  the 
knowledge  which  William  Spendelow  had  of  the  mortgages 
"  created  by  himself  was  not  an  effective  notice  to  operate  on 
"  priorities  within  the  rule,  and  consequently  that  the  rule  first 
u  became  applicable  when  Harry  Spendelow  was  appointed  a 
"  trustee  of  the  testator's  will  ;  thirdly,  that  knowledge 
"  acquired  by  or  notice  given  to  Harry  Spendelow  before  his 
*•  appointment  as  trustee  of  the  testator's  will  had  no  effect, 

*  and  therefore  the  dates  of  the  notices  given  after  his 
"  appointment  must  determine  the  order  of  priority ;  and 
"  lastly,  that  the  first  notice  of  the  plaintiffs'  mortgage  given 
"  to  Harry  Spendelow  after  his  appointment  wTas  the  notice 
"  given  by  the  letter  of  30  October,  1908,  and  consequently 
i:  that  the  plaintiffs'  mortgage  ranks  in  order  of  priority  before 

*  Arthy's  mortgage.  In  the  next  place,  the  Court  of  Appeal 
a  in  In  re  Dalits  has  decided  that  notice  to,  or  knowledge  of, 
"  a  sole  assignor  trustee  is  not  an  effective  notice  to 
u  operate  on  priorities.  I  am  bound,  therefore  to  dismiss 
"  from  this  case  all  considerations  of  the  knowledge  of 
"  William  Spendelow  and  of  the  express  notice  given  to  him 
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t(  by  the  plaintiffs'  solicitors  on  30  May  1907.  It  follows  from 
"  what  I  have  stated  that  on  the  appointment  of  Harry 
"  Spendelow  as  trustee  of  the  testator's  will  there  came  into 
"  existence  for  the  first  time  a  legal  holder  of  the  trust 
"  property  to  whom  notice  could  be  given  so  as  to  operate  on 
"  the  priorities  of  Arthy's  and  plaintiffs'  mortgages.  The 
"  question  then  arises  whether  the  knowledge  which  Harry 
"  Spendelow  had  acquired  of  Arthy's  mortgage  prior  to  his 
"  appointment  as  trustee  to  the  testator's  will  operated  to 
"  protect  the  priority  of  that  mortgage  and  to  prevent  the 
"  notice  which  the  plaintiffs  gave  of  their  mortgage  on 
"  30  October  1 908,  from  displacing  that  priority.  In  my 
C(  opinion  this  question  is  not  free  from  doubt,  and  its  solution 
"  is  not  easy,  owing  to  the  admitted  difficulty  of  accurately 
u  defining  the  principle  on  which  the  doctrine  of  notice  as 
"  established  by  the  rule  in  Dearie  v.  Hall  depends  :  See  per 
"  Lord  Macnaghten  in  Ward  v.  Buncombe  (1893),  A.C.  369. 
"  It  is  Avell  established  that  the  rule  does  not  render  it 
"  necessary  for  an  incumbrancer,  in  order  to  preserve  the 
tc  priority  of  his  incumbrance,  to  prove  that  he  gave  notice 
"  of  his  incumbrance  to  the  trustee  of  the  fund.  It  is 
"  sufficient  if  he  can  prove  to  quote  the  words  of  Lord  Cairns 
"  in  Lloyd  v.  Banks,  L.R.  3  Ch.  488,  490— f  that  the  mind  of 
"  '  the  trustee  has  in  some  way  been  brought  to  an  intelligent 
"  '  apprehension  of  the  nature  of  the  incumbrance  which  has 
"  '  come  upon  the  property,  so  that  a  reasonable  man,  or  an 
"  '  ordinary  man  of  business,  Avould  act  upon  the  information 
"  '  and  would  regulate  his  conduct  by  it  in  the  execution  of 
"  1  the  trust.  If  it  can  be  shown  that  in  any  way  the  trustee 
u  c  has  got  knowledge  of  that  kind  ....  then  I  think  the  end 
"  '  is  attained,  and  that  there  has  been  fixed  upon  the 
"  '  conscience  of  the  trustee,  and  through  that  upon  the  trust 
"  '  fund,  a  security  against  its  being  parted  with  in  any  way 
"  '  that  would  be  inconsistent  with  the  incumbrance  which 
"  '  has  been  created.'  In  the  present  case  it  has  been  proved 
"  conclusively  that  the  mind  of  Harry  Spendelow  had  before 
"  his  appointment  as  a  trustee  been  brought  to  an  intelligent 
"  apprehension  of  Arthy's  mortgage  in  such  a  way  that  as  a 
"  reasonable  man  he  would  on  his  appointment  as  a  trustee 
"  act  upon  the  information  he  had  acquired  and  would 
"  regulate  his  conduct  in  the  execution  of  the  trust  by  such 
"  information." 
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ACTUARIAL  XOTE. 

On  obtaining  values  of  Life  Annuities  at  isolated  rates  of 
interest.  By  E.  H.  Lever,  F.I.A.,  of  the  Prudential 
Assurance  Company. 

Dr.  J.  F.  STEFFEXSEX  has  shown '( J.I. A.,  vol.  li,  p.  278) 
that  very  fair  approximate  values  of  ax  may  be  obtained  by 
expressing  the  life  annuity  in  the  form  of  an  annuity-certain, 
the  term  of  which  is  ex —  ieX}  ex  being  the  curtate  expectation 
of  life,  i  the  rate  of  interest  involved,  and 

£x  =  j-  S2Za + ,  —  \ex  [ex  +  1 ) , 

*  X  Z 

T,    1     1  „ 

where  Y,  has  the  meaning  assigned  to  it  in  T.B.  notation. 
The  above  result  is  obtained  bv  solving-  for  n   in  the 


equation 


l-v 

(<\.  =  o-  =   — 


or  n  = 


% 

\o<r{l—iax) 
log(i+i)' 


whence  expanding-  —  ^f1  in  powers  of  i  and  neglecting' 

F         s       log(l-M)       1  c  c 

in   the  result  powers  above  the   first   the  approximation 

n  =  ex  —  i€x  follows  directly. 

An  alternative  method  is  to  take  known  values  of  ax  as  a 

basis  instead  of  ex.    The  term  of  the  annuity-certain  then 

becomes  ax  —  hccx  where 

vSx     1      ,       1 . 

and  li  is  the  difference  between  the  rate  at  which  the  annuity 
value  is  required  and  the  rate  used  as  a  basis.  (See  J. I. A., 
vol.  li.  p.  283). 

Leaving  for  the  moment  any  discussion  as  to  whether  the 
results  obtained  are  sufficiently  accurate  for  practical  purposes 
or  whether  in  any  event  it  would  be  worth  while  to  tabulate 
the  values  of  ex  or  ax  in  the  case  of  a  particular  mortality 
table,  it  is  useful  to  notice  that  the  approximation  does  in  any 
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case  contain  the  germ  of  a  simple  and  accurate  means  of 
interpolating  between  known  values  of  ax  in  order  to  obtain 
a  value  at  a  rate  of  interest  not  tabulated. 

The  practical  methods  of  doing  this  at  present  are  to 
interpolate  by  means  of  a  finite  difference  formula  between 
such  values  of  ax  as  are  known  or  to  make  use  of  the  ratio 
between  annuity  values  of  another  mortality  table. 

It  is  not  suggested  that  the  method  about  to  be  proposed 
will  entirely  supplant  those  at  present  in  use,  as  the  results  by 
the  latter  are  often  sufficiently  accurate,  but  the  examples 
which  follow  will  show  the  gain  in  accuracy  which  the  new 
method  gives  in  any  event,  and  will  demonstrate  it  as  providing 
good  results  when  all  other  methods  fail.  The  method  applies 
equally  to  select  tables,  but  perhaps  its  chief  value  lies  in  the 
fact  that  it  may  also  be  applied  with  facility  and  accuracy  in 
the  case  of  joint  life  and  temporary  annuities. 

Confining  our  attention  to  the  formula  involving'  the 
ex  function  it  will  be  seen  that  the  whole  essence  of  the 
approximation  is  that  the  term  (n,  say)  of  the  equivalent 
annuity-certain  can  be  expressed  in  the  form  A  — Bi  where 
A  and  B  are  functions  of  x  and  as  such  constant  for  a 
particular  value  of  x. 

Ignoring  the  mathematical  form  of  A  and  B,  which  is  for 
present  purposes  immaterial,  it  follows  that  with  i  as  the  only 
variable,  n  is  a  linear  function  and  thus  if  any  two  values 
are  known  any  other  value  can  be  accurately  obtained  by  first 
difference  interpolation.  Thus  suppose  the  values  of  ax  and  a  x 
at  rates  i  and  %  be  known  and  the  value  of  a" x  at  rate  i"  be 
required,  and  that  %  —i  +  h  and  i* '  =  i  +  h' ' .  The  process  would 
be  to  find  first  the  values  of  n  at  rates  i  and  i  from  the 
equations 

log(l  —  iax) 
?2""~~~  log(l+i) 
and  a  x  —  an'\ 

,        lo2f(l  —  i'ax) 


or 


or 


log(l+0 


Then  n"  the  term  of  the  annuity-certain  equivalent  to  a" x  is 
equal  to  n—  ^-  (11  —  n)  and 
approximate  value  required. 


equal  to  nr-^-(n—n)   and  afx—a^\  which  will  give  the 
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As  the  expression  A  — B?'  is  an  approximation  onl}T  and  not 
exact  it  is  reasonable  to  suppose  that  in  arriving  at  a  value 
of  ax  for  any  particular  rate  of  interest  i  the  best  result  will 
be  obtained  by  using  as  a  starling  point  known  values  of  ax  at 
rates  of  interest  differing  as  little  as  possible  from  i. 

The  following  examples  will  show  the  remarkable  accuracy 
obtained  by  the  method  just  outlined  even  when  subjected  to 
a  severe  test.  The  least  satisfactory  results  naturally  occur 
at  the  youngest  ages  and  the  higher  rates  of  interest. 

The  numerical  work  is  given  in  Example  1,  to  illustrate 
the  method  clearly. 

It  may  be  pointed  out  that  there  are  two  ways  in  which 
the  values  of  n  and  n  can  be  found  which  satisfy  the  equations 
ax  =  an  and  a  x=a^r .  The  first  and  simplest  is  to  enter  a  table 
of  annuities-certain  inversely  with  the  value  of  ax  and  use 
first  difference  interpolation  to  find  the  fractional  period. 
The  second  is  to  solve  for  n  in  the  equation 

lo2*(l  —  iax) 
log(l+2) 

and  thus  obtain  a  more  accurate  value. 

Logically  it  would  seem  that  the  plan  actually  used  should 
depend  on  the  method  adopted  for  obtaining  the  value  of 
a^T)  from  the  value  of  n"  when  this  has  been  ascertained.  If, 
as  is  proposed,  it  is  decided  to  use  first  difference  interpolation 
for  the  fractional  part  of  n"  to  arrive  at  the  value  of  then 
it  would  seem  better  to  employ  first  difference  interpolation 
throughout  since  by  so  doing  errors  would  to  some  extent,  if 
not  entirely,  counterbalance.  This  plan  has  actually  been 
adopted  in  all  the  examples  which  follow. 

If  the  values  of  n  and  u '  were  obtained  by  the  more  correct 
formula  then  logically  the  value  of  n"  should  be  found  from 
the  equation 

\—vn" 

The  difference  in  the  numerical  result,  even  when  the 
methods  are  combined,  is  negligible,  only  occasionally  affecting 
the  third  decimal  place  of  the  annuity  value.  The  use  of 
first  difference  interpolation  throughout  has  the  advantages 
of  lessening  the  arithmetical  work  and  obviating  the  necessity 
of  using  tables  of  logarithms. 
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Example  1. 

Values  of  ax  available  ...  4  per-cent  and  5  per-cent  only. 

„      „  ax  required  ...  a20  and  a50  at  per-cent. 

Using  4  per-cent  and  5  per-cent  as  the  basis  and  adopting 
HM  (T.B.J  Mortality,  we  have 


4% 

=  18-662  = 

4% 

-=16-062  = 

n 

=  34-9898 

n 

=  833125 

Whence 

and 

by  entering  a  table  of  annuities-certain  inversely 
and  n"  =  I  (?i  +  rc')  =  |  (68-3023)  =  34' 151 2 

and  4%=a|*|_|  =  l7.279 

again  by  first  difference  interpolation. 
Similarly  for  a5ft. 

In  this  instance  the  use  of  the  formula 
_     log(l  —  id*) 

produces  an  identical  numerical  result. 
The  results  are  compared  below. 
Column  headed  A  gives  result  by  new  method. 

„     B  of  first  difference  interpola- 

tion between  4  per-cent 
and  5  per-cent. 

Values  of  ax  4i  per-cent. 


Age 

Ti  ne  Value 

A 

B 

Value 

Error 

Value 

Error 

20 

J727'.) 

17  27'.) 

•(00 

17-362 

-  -083 

50 

11^3 

11-923 

•000 

11-947 

-•021 

The  results  by  the  new  method  in  this  instance  are  exact 
and  therefore  no  better  results  would  be  obtained  even  if  a 
more  extended  range  of  annuity- values  were  available  and 
more  powerful  means  of  finite  difference  interpolation  applied. 
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Example  2. 

HM  Mortality. 

Values  available  ...  3  per-cent  and  5  per-cent. 
Values  required    ...  4  per-cent  and  6  per-cent. 

Column  headed  A  gives  values  by  new  method. 

„  13     ,,         ,,     of  first  difference  interpola- 

tion between  3  per-cent 
and  5  per-cent. 


Values  of  ax  4  per-cent. 


Age 

True  Value 

A 

B 

Value 

Error 

Value 

Error 

20 
50 

18  662 
12-522 

18-665 
12-524 

-003 
•002 

19-063 
12624 

-•401 
-•102 

The  results  here  are  again  exact  and  the  same  remark 
therefore  applies  as  in  the  preceding  example. 


Values  of  ax  6  per-cent. 


Age 

True  Value 

A 

B 

Value 

Error 

Value 

Error 

20 
50 

1  4-035 
10-388 

14025 
10-381 

•010 
•007 

13061 
10-118 

•974 
•270 

The  accuracy  of  the  new  method  in  this  case  is  far  greater 
than  could  be  obtained  by  any  other  method  with  the  same 
material  and  is  again  exact  for  all  practical  purposes.* 

Example  3. 

Values  available      ...  3  per-cent,  4  per-cent, 

5  per-cent,  6  per-cent. 

Values  required       ...  7  per-cent,  8  per-cent, 

which  are  both  well 
outside  the  range. 

*  When,  as  in  this  example,  other  life  annuity  tables  are  available  at  the 
requisite  rates  more  accurate  values  would  probably  be  given  by  reference  to- 
such  tables.  Thus  the  Carlisle  6  per-cent  Table  would  give  for  a.20  by  first 
difference  interpolation  of  a  substituted  age,  14-034. —  Eds.  J. I. A. 
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Columns  headed  A  give  values  by  the  new  method  based  on 
given  values  at  5  per-cent  and  6  per-cent  Carlisle  Mortality. 

Columns  headed  B  give  values  obtained  by  extrapolation 
from  values  at  the  four  rates  given.  These  approximate 
values  have  been  obtained  by  the  use  of  the  ordinary  formula. 
It  may  be  pointed  out  that  in  this  instance  much  better  values 
•could  be  obtained  by  assuming,  when  extrapolating,  that 
second  differences  are  in  Gr.P.  Values  obtained  in  this  way 
would  show  no  greater  error  than  those  under  A. 

This  example  presents  a  severe  test. 


Values  of  ax  7  per-cent. 


Age 

True  Value 

A 

 B  

Value 

Error 

Value 

Error 

20 

50 

12-259 
9749 

12-247 
9-746 

012 
•003 

12192 
9-737 

•067 
•012 

Values  of  ax  8  per-cent. 

Age 

True  Value 

A 

B 

Value 

Error 

Value 

Error 

20 

50 

10-985 
8-987 

10-95] 
8-974 

•034 
•013 

10  e'62 
8-933 

•323 
•054 

Example  4. 


Only  values  available  ax  ...  3 \  per-cent. 

Values  required    ...        ...  3  per-cent  and  4  per-cent. 

In  applying  the  method  in  this  case  one  of  the  values 
of  n  used  was  necessarily  ex,  the  expectation  of  life. 
Column  A  gives  values  by  new  method. 

„  B  „  „  obtained  by  Dr.  Steffensen  by  apply- 
ing the  formula  n  =  a$%-*-hax 
(See  J.I.A.,  vol.  li,  p.  283). 
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Values  of  ax  3  per-cent. 


Age 

True  Value 

B 

Value  Error 

Value 

Error 

20 
50 

22064 
13-878 

22-054  -010 
13-881    |  --003 

22-043 
13875 

•021 
003 

J 'alucs  of  ax  4  per-cent. 


Age 

True  Value 

A 

B 

Value 

Error 

Value 

Error 

20 
50 

18-662 
12522 

18-669 
12-516 

-•007 
•006 

18-649 
12519 

•013 
003 

It  is  unnecessary  to  multiply  examples.  Enough  have 
been  given  to  demonstrate  the  utility  of  the  method,  especially 
when  it  is  remembered  that  in  practice  it  is  rare  to  require  a 
value  of  ax  at  a  rate  of  interest  differing  by  more  than 
1  per-cent  from  tabulated  values. 

It  is  not  apparent  that  any  gain  in  accuracy  would  be 
obtained  by  using  the  alternative  expression  n  =  A'  —  Wh  as 
the  basis  of  the  interpolation  where  A'  and  B'  are  functions 
of  x  and  i  at  a  known  rate.  In  fact  in  a  few  cases  that  have 
been  tried  on  this  basis  the  results  do  not  seem  to  be  so 
satisfactory. 

A  few  examples  of  the  application  to  temporary  and  joint 
life  annuities  may  be  instructive. 

Example  5. 

HM  Mortality. 

Given  aS0.T^  at  3  per-cent  and  5  per-cent. 
Required  a30:^  at  4  per-cent. 

Approximate  value  by  method  .. .        ...  12*499 

True  value   12  501 


Error  '002 


178 


Actuarial  Note. 


[Oct. 


Example  6. 

Given  a30:iu  at  3  per-cent  and  5  per-cent. 
Required  a30 :  io|  at  4  per-cent. 

Approximate  value        ...        ...        ...  7'769 

True  value   ,.        ...  7"769 

Error  Nil. 

Example  7. 

Given  a^.^j  and  a^.^  at  3  per-cent  and  3J  per- 
cent B.O.A. 

Required  aJQ] .  ™H]  and        .  {f3]  at  5  per-cent. 
This  example  is  chosen  so  that   the  method   may  be 
compared  with  that  given  in  the  memorandum  at  the  end  of 
the  British  Offices  Life  Tables  (p.  229  et  seq.). 

Taking  the  values  of  <x(J0] .  ^  and  a^  .  ^  at  3  per-cent  and 
3^  per-cent  given  in  the  examples  in  the  memorandum  (pp.  231 
and  232)  as  correct,  the  following  values  result  : 


a  F  M 

[40]  :  [28] 

a  F  F 
[50]  :  [03] 

Value  by  new  method 

method  of  interpolated  equal  ages 
Hardy's  summation  formula 

12-590 
12  603 
]  2*592 

11-554 
11-565 
11535 

As  the  values  by  Hardy's  summation  formula  are  unlikely 
to  differ  from  the  true  values  by  more  than  a  small  third 
difference  error,  the  above  table  shows  that  the  new  method 
gives  results  more  accurate  on  the  whole  than  the  method  of 
interpolated  equal  ages  ;  an  even  greater  advantage  is  that 
the  new  method  does  not  depend  for  its  application  upon  the 
existence  of  a  complete  table  of  joint  life  annuities  at  equal 
ages  at  the  rate  of  interest  at  which  values  are  required. 


Reverting  to  the  question  of  the  desirability  of  tabulating 
values  of  the  function  ex,  a  consideration  of  the  results  shown 
in  Example  4  points  to  the  conclusion  that  if  it  be  thought 
worth  while  to  calculate  the  values  of  this  function  at  all, 
more  accurate  results  would  be  obtained  by  obtaining  them 
empirically  from  known  values  of  ax  rather  than  directly  from 
the  functions       and  ex. 
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If  available  the  values  of  ax  employed  for  this  purpose 
should  be  about  the  centre  or  between  the  centre  and  the  end 
of  the  range  of  rates  of  interest  within  which  isolated  values 
are  most  likely  to  be  required. 

This  suggestion  has  been  tested  on  the  basis  of  the 
IP1  Tables  and  gives  very  good  results. 

It  is,  moreover,  not  without  interest  to  notice  that  by 
expanding  n  in  the  equation  ax=cin  up  to  and  including  the 
third  power  of  i,  and  tabulating*  the  successive  coefficients, 
accurate  values  of  ax  may  be  obtained  for  all  practical  rates 
of  interest  with  the  aid  of  a  table  of  annuities-certain  only. 


REVIEWS. 

Ministry  of  National  Service,  1917-1919.  Report,  Vol.  I,  upon  the 
Physical  Examination  of  men  of  Military  age  by  National  Service 
Medical  Boards  from  1  November  1917  to  31  October  1918. 
Price  6s. 

As  stated  in  the  Chairman's  letter  at  the  beginning  of  this  volume, 
the  above  is  the  first  instalment  of  the  Report  of  a  Committee 
appointed  to  consider  the  best  method  of  utilizing  the  data  obtained 
from  the  work  of  the"  Recruiting  Medical  Boards,  so  as  to  render 
it  readily  available  for  use,  and  of  placing  the  information  as  to  the 
phvsical  fitness  of  the  nation  so  obtained  on  record  for  future  use 
and  reference. 

Whatever  merits  the  Report  may  have  from  the  medical  aspect, 
it  must  be  admitted  that  it  is  distinctly  disappointing  from  a 
statistical  point  of  view. 

The  volume  deals  with  the  results  of  the  examinations  of  all  men 
of  military  age  called  up  for  medical  examination  under  the  Military 
Service  Acts  from  the  time  of  the  re-organization  under  entirely 
civil  administration,  which  came  into  operation  on  1  November  1917, 
until  31  October  1918 — practically  the  last  year  of  the  war.  The 
claim  is  that  this  task  afforded  the  opportunity  to  make  a  far- 
reaching  medical  survey  of  the  male  population  of  Great  Britain 
and  to  a  limited  extent  also,  of  that  of  Ireland.  It  is  obvious, 
however,  that  the  medical  survey  was  only  a  partial  one,  since  it 
excluded  all  the  men  already  in  the  Services. 

The  statement  regarding  the  work  required  of  the  Medical  Boards 
is  clearly  set  out — it  was  to  classify  the  men  into  broad  groups 
determined  by  physical  considerations  alone  and  had  the  satisfactory 
result  that  most  of  the  difficulties  and  anomalies  of  the  previous 
regime  disappeared.    The  actual  groups,  or  Grades,  were  as  follows : 

Grade  I. — Those  who  attain  the  full  normal  standard  of 
health  and  strength  and  are  capable  of  enduring  physical  exertion 
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suitable  to  their  age.  Such  men  must  not  suffer  from  progressive 
organic  disease,  nor  have  any  serious  disability  or  deformity. 
Minor  defects  which  can  be  remedied  or  adequately  compensated 
by  artificial  means  will  not  be  regarded  as  disqualifications. 

Grade  II. — Those  who  for  various  causes,  such  as  being 
subject  to  partial  disabilities,  do  not  reach  the  standard  of 
Grade  I.  They  must  not  suffer  from  progressive  organic  disease. 
They  must  have  fair  hearing  and  vision ;  be  of  moderate  muscular 
development,  and  be  able  to  undergo  a  considerable  degree  of 
physical  exertion  of  a  nature  not  involving  severe  strain. 

Grade  III. — Those  who  present  marked  physical  disabilities 
or  such  evidence  of  past  disease  that  they  are  not  considered 
fit  to  undergo  the  degree  of  physical  exertion  required  for  the 
higher  Grades.  Examples  of  men  suitable  for  this  Grade  are 
those  with  badly  deformed  toes,  severe  flat  foot  and  some  cases 

of  hernia  and  varicose  veins   The  third  grade  will  also 

include  those  who  are  fit  only  for  clerical  and  other  sedentary 
occupations,  such  as  tailoring  and  bootmaking. 

Grade  IV. — All  those  who  are  totally  and  permanently  unfit 
for  any  form  of  Military  Service. 

The  first  chapter  deals  with  grading  as  a  criterion  of  health. 
The  comparatively  small  number  of  applications  to  Appeal  Tribunals 
for  medical  re-examinations  indicates  that  the  Boards  did  their  work 
well.  Only  14  per-cent  of  the  men  examined  made  such  applications  ; 
less  than  half  of  these  were  considered  by  the  Tribunals  to  rest  on 
sufficiently  substantial  grounds  to  justify  leave  for  re-examination, 
and  of  those  re-examined  by  the  Medical  Assessors,  the  grading  of 
50  per-cent  was  unchanged  ;  that  is,  in  less  than  04  per-cent  is 
there  reason  to  believe  the  grading  by  the  Medical  Boards  was 
incorrect.  Further  than  this,  we  are  informed  that  the  general 
tendency  of  the  Boards  was  certainly  not  to  grade  the  men  too 
low  ;  but  the  small  number  of  appeals  would  hardly  suggest  J;hat 
unduly  high  grading  was  causing  dissatisfaction. 
The  results  of  the  year's  work  were  as  follows  : 

Number.  Percentage. 

Grade  I         ...       871,769    36-0 

Grade  II        ...       546,276    22-5 

Grade  III,     ...       756,859    31-2 

Grade  IV      ...       250,280    10-3 


2,425,184    100-0 


The  inferences  drawn  from  these  figures  are  of  the  most  depressing 
kind,  but  the  arguments  by  which  the  conclusions  are  supported  are, 
to  say  the  least,  open  to  question.  The  most  important  point  in  this 
respect  is  to  what  extent  the  men  medically  examined  during  this 
fourth  year  of  the  war  were  fully  representative  of  the  whole  popu- 
lation of  military  age.  It  is  stated  that  of  the  men  who  flocked  to 
the  colours  as  volunteers  a  large  percentage  were  accepted  in  spite 
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of  physical  disabilities  for  which  they  were  invalided  after  a  short 
period  of  training,  and  that  later  came  a  better  handling  of  man- 
power ;  that  those  examined  in  the  period  under  review  included  : 

(1)  Men  from  protected  industries,  such  as  agriculture,  mining, 

shipbuilding  and  munitions,  which  employed  an  abnormally 
high  proportion  of  physically  fit,  who  were  "  combed  out." 

(2)  Men  previously  rejected  when  the  need  was  less  urgent,  who 

were  re-examined. 

(3)  Men  now  refused  exemption,  owing  to  the  urgent  need  for 

recruits. 

(4)  A  large  proportion  of  lads  who  attained  the  age  of  18  during 

the  year. 

(5)  A  relatively  small  proportion  of  men  between  41  and  51, 

who  became  liable  for  military  service  under  the  Military 
Service  (No.  2)  Act  (April,  1918). 
On  these  grounds  it  is  assumed  probable  "  that  the  men  examined 
"  during  the  year  under  review  may  be  regarded  in  the  aggregate 
"  as  fairly  representing  the  manhood  of  military  age  in  the  country 

"  and  that  deductions  founded  upon  the  observations  

"  may  legitimately  be  looked  upon  as  a  trustworthy  criterion  of 
"  the  national  health  of  this  period  "  (p.  5). 

Let  us  examine  this  claim.  The  approximate  stages  through 
which  recruiting  passed  were  : 

Stage  1. — Fit  volunteers  were  taken.    In  the  earliest  period  an 
exceptionally  high  standard  was  required,  this  standard 
gradually  becoming  lower  until  it  merged  into 
Stage  2. — At  this  stage,  it  may  be  admitted,  many  unfit  volunteers 
were  taken,  unless  they  were  obviously  hopeless  as  recruits. 
Stage  3. — Men  obtained  under  the  "Derby"  scheme.  This 
must  generally  have  provided  fit  men,  leaving  those  in 
protected  industries  and  those  exempted  by  tribunals. 
Stage  4. — The  earlier  I\Iilitary  Service  Act. 

Stage  5. — Men  previously  protected  or  rejected,  and  men  between 
41  and  51. 

It  should  be  remembered  that  the  year  under  review  would 
comprise  the  worst  part  of  the  fourth  stage  and  the  whole  of  the 
fifth.  The  first  stage,  in  spite  of  mistakes,  must  have  recruited  an 
exceptionally  high  proportion  of  fit  men.  The  second  would  probably 
have  included  a  good  many  with  physical  disabilitiss,  but  at  this 
stage  recruiting  was  comparatively  slack,  and  consequently  the 
number  of  men  obtained  was  probably  smaller,  whilst  the  third 
and  fourth  stages  must  again  have  provided  a  large  number  of  fit 
men.  The  fifth  stage  obviously  would  contain  men  of  all  physical 
conditions  and  all  the  rejected  of  the  first  four  stages. 

Of  the  classes  which  the  Report  mentions  : 

(1)  Would  admittedly  be  men  of  good  physical  type,  but  no 
figures  are  given  to  show  what  proportion  these  were  of 
the  numbers  examined. 
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(2)  Would  attain  only  a  poor  physical  standard. 

(3)  Would  possibly  be  slightly  above  average. 

(4)  Lads  of  eighteen  are  mentioned  as  "  a  large  number",  but 

unless  a  large  proportion  of  men  of  older  ages  were  already 
in  the  forces,  they  would  not  be  so,  comparatively. 

(5)  Men  of  41  to  51  are  described  as  "  a  relatively  small  pro- 

portion", but  again  here,  we  have  ten  ages,  seven  of  which 
were  comparatively  untouched  by  previous  recruiting. 

In  the  Eegional  Eeport  for  the  North- Western  Area  there  is  a 
table  (p.  57)  setting  out  the  number  of  men  actually  graded  at  each 
year  of  age  up  to  50.  For  age  18  the  total  is  4,329  ;  for  19  to  40, 
both  inclusive,  the  total  is  10,260,  giving  an  average  of  466  for  each 
age  ;  for  41  to  43,  1,828,  an  average  of  609,  and  for  44  to  50,  9,218, 
an  average  of  1,317.  These  figures  indicate  that  men  of  41  to  51 
quite  outnumbered  the  lads  of  18,  and  also  show  to  what  extent  the 
intermediate  ages  had  already  been  drawn  on  for  recruits.  It  would 
appear  that  the  figures  likely  to  give  the  most  accurate  information 
regarding  the  physical  health  of  the  nation  are  those  pertaining  to 
lads  of  18,  and  men  of  44  to  51.  Even  here  a  true  aggregate  is 
doubtful  in  view  of  voluntary  enlistments  of  those  particularly  fit 
below  and  above  the  normal  military  age  limits. 

In  Chapter  II  is  set  out  a  standard,  on  the  basis  of  the  grades, 
which,  in  the  opinion  of  Professor  Arthur  Keith,  the  health  of  the 
general  population  should  attain.  This  is,  in  effect,  that  70  per-cent 
should  reach  Grade  I,  20  per-cent  Grade  II,  7-5  per-cent  Grade  III, 
and  2-5  per-cent  Grade  IV.  The  standard  is  justified  by  comparing 
the  physical  fitness  of  the  population  to  the  stature  of  1,000 
Cambridge  students,  the  mean  stature  being  5  feet  9  inches.  All 
those  5  feet  8  inches  and  over  are  compared  to  Grade  I,  5  feet  7  inches 
and  5  feet  6  inches  to  Grade  II,  5  feet  5  inches  and  5  feet  4  inches  to 
Grade  III,  and  under  5  feet  4  inches  to  Grade  IV.  It  is  obvious 
that  any  arbitrary  proportions  in  the  grades  could  be  obtained  by 
drawing  the  limits  at  requisite  points,  and  that  the  standard  thus 
set  up  has  no  true  statistical  basis.  Further,  the  grades  are  weighted, 
again  quite  arbitrarily,  to  obtain  a  percentage  index  of  fitness.  A 
good  criticism  of  Professor  Keith's  standard  is  to  be  found  on  pages 
107-110  by  the  Commissioner  for  the  Yorkshire  and  East  Midland 
Region.  We  are  told  here  that  definite  instructions  were  laid  down 
in  respect  of  59  common  disabilities,  probably  including  75  per-cent 
to  80  per-cent  of  the  total  disabilities  met  with  in  actual  practice 
of  the  Recruiting  Medical  Boards.  Of  these  59,  three  in  each  case 
caused  rejection,  27  excluded  placing  the  men  in  either  Grade  I 
or  Grade  II,  whilst  three  other  disabilities  excluded  placing  in 
Grade  I.  Many  disabilities  (e.g.,  foot  malformations)  would  unfit 
a  man  for  military  service,  but  not  for  civilian  occupation. 
It  seems  improbable  that  the  curve  for  national  fitness  would 
normally  follow  a  symmetrical  distribution,  and  military  require- 
ments as  indicated  above  would  certainly  impart  an  element  of 
skewness.    It  is  indeed  regrettable  that  such  a  standard  is  accepted 
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as  a  sound  basis  for  comparisons,  instead  of  being  clearly  recognized 
as  an  empirical  one. 

Chapter  III  discusses  the  relations  of  occupations  and  health, 
and  we  are  given  figures  setting  out  the  grading  of  various  occupations 
in  the  form  of  percentages  (p.  18),  but  no  consideration  is  given  to 
the  bearing  which  the  essentiality  of  the  various  trades  would  have 
had  on  the  men  remaining  in  them.  Those  that  head  the  list  are 
all  occupations  which  must  by  their  nature  employ  a  high  proportion 
of  fit  men,  and  which  were  also  more  or  less  protected,  whilst  the 
unhealthy  ones  at  the  bottom  of  the  list  were  unprotected  trades 
which  would  already  have  contributed  their  fittest  members  to  the 
Army  and  Navy. 

The  last  chapter  of  the  general  section  deals  with  the  causes  of 
low  grading  and  rejection,  but  again  all  comparisons  are  made  on 
the  false  premises  of  Keith's  Standard.  There  is  ample  evidence  of 
a  tremendous  actual  number  of  men  suffering  from  physical  disability ; 
so  many  as  to  convince  one  that  no  effort  should  be  spared  to 
ameliorate  and  improve  conditions  of  life  and  occupations,  but  we 
cannot  attempt  on  the  data  given  to  judge  the  relative  amount,  or 
the  distribution,  either  as  regards  age  or  occupation,  with  respect  to 
the  whole  of  the  male  population  of  the  coimtry. 

One  cannot  help  feeling  that  the  general  section  of  the  Eeport 
is  too  dogmatic  in  its  conclusions  ;  that  too  much  faith  has  been 
placed  in  Keith's  Standard.  Too  little  consideration  has  been  given 
to  the  disturbing  factors  introduced  by  the  previous  withdrawal  to 
the  Forces  of  fit  members  of  the  community  and  by  military  require- 
ments with  regard  to  physical  fitness. 

Part  II  comprises  the  Reports  of  the  Commissioners  of  Medical 
Services,  concerning  their  respective  Regions.  Most  of  them  are 
decidedly  interesting,  and  though  one  does  not  expect  a  high  standard 
of  statistical  work  one  occasionally  finds  the  figures  set  out  in  good 
stvle. 

S.  J.  P. 


The  Assessment  of  Physical  Fitness.    By  Georges  Dreyer,  C.B.E., 
M.A.,  M.D.,  in  collaboration  with  G.  F.  Haxsox. 

[Pp.  114.    Cassell  &  Co.,  Ltd.    1920.    10s.  net.] 

With  the  question  of  physical  standards  so  much  to  the  fore,  one  is 
interested  to  note  this  book,  which  aims  at  supplying  medical  men 
and  others  directly  interested  in  the  subject,  with  tables  for  assessing 
the  physical  fitness  of  any  individual,  whether  man,  woman  or  child. 

For  this  purpose  the  respective  relations  to  each  other  of  weight, 
length  of  trunk  (i.e.,  height  sitting),  chest  measurement  and  vital 
capacity  of  the  lungs  have  been  investigated.  It  is  stated  that  they 
may  be  represented  by  formula;  of  the  form  A  =  /.B,i,  A  and  B  being 
the  weight  or  measurement,  and  Tc  and  n  constants. 

The  explanations  and  examples  are  very  clear  and  one  is  pleased 
"to  note  the  insistence  on   the  precision  with  which  weight  and 
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measurements  are  to  be  taken.  Eighty-six  pages  of  the  book  are 
devoted  to  tables  giving,  on  the  basis  of  the  formulas : 

(1)  Weight  from  length  of  trunk. 

(2)  Weight  from  circumference  of  chest. 

(3)  Circumference  of  chest  from  length  of  trunk. 

(4)  Vital  capacity  from  weight. 

(5)  Vital  capacity  from  length  of  trunk. 

(6)  Vital  capacity  from  circumference  of  chest. 

These  are  given  for  males  and  females,  and  on  the  metric  and 
imperial  systems,  making  twenty-four  tables  in  all. 

As  the  tables  state  merely  the  relation  of  one  factor  to  another, 
by  entering  the  tables  with  one  factor,  only  the  deviation  from  normal 
of  a  second  factor  with  regard  to  the  first  is  obtained,  and  for  com- 
pound assessments  the  resort,  in  the  examples,  is  to  the  expedient 
of  simple  averaging. 

The  book  may  prove  of  use  to  anthropologists  for  special  work 
where  the  requisite  data  is  available,  and  possibly  to  life  offices  for 
confirmatory  purposes  in  assessing  the  abnormality  of  lives  proposed 
for  insurance.  In  any  event  it  is  an  effort  towards  setting  up  a 
definite  guide  to  physical  standard. 

S.  J.  P. 


CORRESPONDENCE. 


To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Sirs, — With  reference  to  Mr.  A.  T.  Traversi's  letter  (J.  I.  A., 
'  vol.  li,  p.  304),  I  beg  to  make  the  following  observations  : 

The  distinction  which  Mr.  Traversi  makes  between  "rates  "  and 
"probabilities"  has  been  recently  the  subject  of  new  investigations 
which  have  shown  how  the  former,  which  are  not  exactly  the  same 
as  differential  coefficients  or  central  rates,  can  be  based  on  the 
calculus  of  probabilities  instead  of  being  derived  from  an  empirical 
conception  of  the  so-called  "  exposed  to  risk."  They  can  then  be 
identified  with  Karup's  "  pure,  independent  or  partial  probabilities  " 
in  accordance  with  a  definite  hypothesis  as  to  the  distribution  over 
the  years  of  age  of  entrants  and  withdrawals  in  the  experience 
under  consideration  and  as  to  the  instantaneous  rate  of  mortality 
or  as  to  the  probabilities  of  death  q(x  +  t,  x  +  1)  for  the  fractional 
intervals  {x  +  t,  x+1)  on  the  hypothesis  that  no  other  cause  of 
elimination  takes  place. 

If  k(x)  denotes  the  number  of  individuals  in  the  experience  who 
have  attained  the  exact  age  x,  l(x  +  i)  those  who  enter  on  observation 
at  age  x  +  t,  where  t  may  have  any  value  from  0  to  1,  U(.r-f  /)  those 
who  pass  out  of  observation  by  causes  other  than  death,  and 
q{x  +  t,x+l)  the  above-mentioned  probability  of  death  between 
ages  x  +  t  and  x+l,  so  that  ^ll{x  +  t)  =  \x,  2lTJ(x  +  t)  =  Vx  and 
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q{x,  x+l)—qXi  then  M^,  the  probable  number  of  deaths  between 
ages  x  and  .«+  1,  is  evidently  given  by  the  relation 

Mz  =  k(x)qx  +  ^(x  +  t)q(x  +  t,  X  +  1)  -  %TJ(x  +  f)q{x  +  t,  X  +  l). 

If  by  way  of  hypothesis  q(x  + 1,  x+l)  is  taken  as  =  (l  -  t)qx,  then 
qx  =  M,/[A(.r)  +  %l(x  +  0(1  -  /)  -  SUfe  +  0(1  -  OJ 

The  denominator  of  this  formula  coincides  exactly  with  the 
"  exposed  to  risk "  according  to  the  exact-age  method,  and  qx — 
the  "  rate  "  of  English  actuarial  literature — is  seen  to  be,  from  the 
method  by  which  it  has  been  obtained,  Karup's  "  pure  probability." 

If  the  hypothesis  of  uniform  distribution  is  adopted,  then 
the  infinitesimals  Ixdt  and  JJxdt  are  to  be  substituted  for  l(x  + 1)  and 
JJ{x  +  0,  and  the  evaluation  of  the  integrals  with  respect  to  t  between 
the  limits  0  and  1  gives  for  the  denominator  the  exposed  to  risk 
according  to  the  mean  age  method. 

In  addition  to  showing  clearly  to  what  hypothesis  the  usual 
methods  based  on  an  empirical  conception  of  the  "  exposed  to  risk  " 
correspond,  the  foregoing  formulas  show  also  the  evident  coin- 
cidence of  "rates"  with  Karup's  "pure  probabilities"  based  on 
the  indicated  hypothesis. 

On  the  conception  of  pure  probabilities  and  on  their  importance 
in  actuarial  mathematics  an  extensive  literature  exists.  The  subject 
has  been  exhaustively  treated  in  a  few  memoirs  submitted  to  the  7th 
International  Actuarial  Congress,  vol  ii,  p.  327,  et  seq. 

More  recently  the  subject  has  been  fully  developed  in  Italy  in 
connection  with  the  statistical  and  actuarial  application  of  indepen- 
dent probabilities,  especially  in  the  following  papers  : 

F.  Cantelli. — Genesi  e  construzione  delle  tavole  di  mutualitd  in 
"  Bollettino  di  notizie  sul  Credito  e  sulla  Previdenza",  no.  3,  1914  ; 

I.  Messina. — Le  probabilitd  parziali  nella  matematica  attuariale, 
nello  stesso  periodico  no.  4  a  6  del  1915  ; 

F.  Cantelli. — Sull  'applicazione  delle  probabilitd  parziali  alia 
siatistica,  in  "  Giornale  di  Matematica  finanziaria",  n.  1,  2  e  3  del 
1919. 

With  special  reference  to  the  construction  of  tables  of  mortality 
the  writer  has  dealt  with  the  subject  in  a  note  entitled  Coslruzione 
e  critica  delle  tavole  di  morialiid  in  the  "  Giornale  degli  economisti 
e  rivista  di  statistica  "  for  December  1917. 

If  the  circulation  and  study  of  the  papers  just  mentioned  had 
not  been  prevented  by  the  war,  Mr.  Traversi  would  not  perhaps 
have  written  his  letter,  since  he  would  have  been  able  to  see  clearly 
how  the  so-called  "  rates  "  of  English  actuarial  literature  can  only 
correspond  theoretically  to  independent  probabilities  in  the  sense 
in  which  Karup  uses  that  term  and  must  be  regarded  strictly  as 
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referring  to  independent*  and  compatible  events  so  that  it  is  quite 
legitimate  to  apply  to  them  Karup's  formula 

Pnrj=PnXl><j  (1) 

just  as,  in  an  experience  subject  to  decrement  by  death  and  in- 
validity, the  probability  of  not  dying  or  being  invalided  is  given  by 
the  product  of  the  respective  independent  probabilities  (cf.  H.  A. 
Van  den  Belt's  memoir  in  the  Transactions  of  the  Seventh  Congress). 

It  appears  from  the  above-mentioned  investigations  that 
the  formulas  used  by  T.  B.  Sprague,  when  he  considered  the  two 
decremental  causes  "  death  "  and  "  marriage  "  in  so  far  as  the 
direct  determination  of  pure  probabilities  is  concerned,  involved 
the  employment  of  hypotheses  which  cannot  be  treated  as  mutually 
consistent,  and  this  explains  the  incongruities  produced  by  the 
simultaneous  use  of  Sprague's  formulas  for  the  two  decremental 
causes.  Mr.  Traversi  has  adopted  these  formulas,  and  yet  claims  to 
establish  the  inapplicability  of  (1)  to  the  case  dealt  with  by 
Prof.  Cantelli.  Such  incongruities  have  been  clearly  indicated  by 
this  author  in  the  first  of  the  two  works  referred  to  above. 

I  have  thought  it  useful  to  submit  these  observations  to  the 
Journal  because,  having  myself  devoted  some  attention  to  the 
subject,  it  seemed  to  me  convenient  not  to  allow  the  points  raised 
by  Mr;  Traversi  to  pass  without  remark,  as  this  would  tend  to 
re-establish  conceptions  which,  as  the  above-mentioned  have 
shown,  can  no  longer  be  maintained  consistently  with  the  more 
recent  developments  of  actuarial  science,  and  because  it  seemed 
desirable  to  draw  attention  to  published  investigations  which, 
owing  to  the  war,  may  have  been  unnoticed  outside  Italy. 

I  am,  &c, 

GAETANO  BALDUCCI. 

Ministry  of  the  Treasury,  Rome. 

P.S. — I  am  late  in  commenting  on  Mr.  Traversi's  letter,  but  I 
have  only  recently  seen  the  numbers  of  the  Journal  for  1918  and 
1919.  I  may  take  the  opportunity  of  mentioning  that  the  formula 
employed  by  Mr.  Savory  {J.I.  A.,  vol.  li,  p.  65)  for  calculating  the 
excess  of  mortality  due  to  the  war,  namely,  \00§Q(qng  -  qn),  in 
which  qng  and  qn  are  central  rates,  is  not  exact  but  is  sufficiently 
approximate  in  view  of  the  numbers  involved. — G-.  B. 


*  And  not  therefore  mutually  dependent  as  Mr.  Traversi  maintains. 
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Alfred  C.  Thorne,  Chairman. 

Henry  Brows,  Hon.  Secvetary. 
Edward  H.  Brown.  Thomas  Percy  Thompson. 

Sydney  J.  Gunningham.  Edward  Wiiliam  Townley. 

Henry  E.  Melville.  •        Sidney  Turner. 

William  C.  Sharman.  William  Arthur  Workman. 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  T. — Section  A). 

First  Paper. 

1.  The  equations 

3/_o.r-11.7:+10  =  0 
6a3 +  11^ -26b -15  =  0 

have  a  common  root.  Find  this  and  hence  solve  completely  the 
first  equation. 

2.  Prove  that  when  x  is  less  than  1  the  product  of 

1  +  mx  H  —  ar  -\  ~  x  +  ...  to  infinity, 

,  i  ,      ,  n{n-l)  2  ,  n(n -  l)(n -  2)  3  ,        ,    .  c  .. 
and  1  +7ix+  — -— — ar+  —  ^  Lx  +.  .  .  to  infinity, 

is  equal  to 

(m  +  n)(m  +  n  -  l)  •> 


1  +  (m  +  it)x  + 


0  | 


,  (m  +  n)(m-\-n-  l)(m.+  n-  2)  3|       ,   .  „  ... 
+   —   +  ...  to  infinity. 

Find  by  the  use  of  the  binomial  theorem  the  value  of 

6/5 

to  four  places  of  decimals. 

3.  A  merchant  invests  ,£100  in  an  enterprise  which  yields  a 
profit,  after  deducting  expenses,  of  20  per-cent  in  the  first  year  and 
33  per-cent  in  each  succeeding  year.  If  he  invests  his  profits  at  the 
end  of  each  year  under  the  same  conditions,  find  an  expression  for 
the  total  amount  invested  at  the  end  of  n  years. 
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4.  If  x  is  less  than  1,  find  the  expansion  of  the  following 
expressions  in  ascending  powers  of  x  as  far  as  the  term  involving  xz : 

1  x2-2x+7 


5.  Find  the  sum  of  the  first  n  coefficients  in  the  expansion  of 

6.  If  a  —  x2  -  yz  * 

b  =  y  -  zx 
c  =  ,r  -  x  y 

prove  that  a3  +  b3  +  c3  -  3abc  =(a  +  b  +  c){x  +  y  +  z)(ax  +  %  +  cz). 

7.  In  how  many  ways  is  it  possible  to  place  7  people  in  4  rooms, 
so  that  not  more  than  4  are  in  any  room r?  Any  room  may  be 
empty.  , 

8.  On  the  average,  out  of  42  births,  21  are  male,  20  female 
and  1  still  ;  what  is  the  probability  that  exactly  this  distribution 
will  occur  amongst  the  next  42  births  % 

9.  There  are  m  candidates  taking  an  examination  paper  of  n 
questions  of  equal  difficulty ;  assuming  that  a  candidate  answers  a 
question  correctly  or  not  at  all,  either  being  equally  likely  : 

{a)  In    how   many    different    ways    may   a    paper  be 
answered  1 

(b)  How   many   different   sets  of   answered   papers  are 

possible  1 

(c)  What  is  the  chance  that  a  set  of  papers  is  handed  in 

in  which  a  particular  question  is  solved  by  not  more 
than  one  candidate  1 

Second  Paper. 

1.  If  uQ)  ii;,,  Uiq,  %5,  be  4  values  of  a  function  at  equidistant 
points,  find  expressions  true  to  third  differences  for  Uq  and  u8i  solely 
in  terms  of  w.0,  u5,  u10  and  ulb. 

2.  Given  it0=  -0-500 

»!=  -0-484 

it6=  +0-256 
find  the  missing  terms, 
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.3.  Prove  that 

Mi         Ho  •> 

%+r+r +... 


ex(uo  +  7  Awe  +  %  A\  +  ...), 
1  2 


and  hence  find  the  sum  of  the  series 
l4     ?4  34 

(T  +  m>  +  |3  + ' ' ' t0  infinity' 

4.  Prove  that,  if  ux  be  a  function  the  fourth  differences  of 
which  are  constant, 

ate  12 

and  hence  find  an  approximate  value  for  -7-(log%)  where 

ax 

i^_2  =  42-699 
=  40-365 
1^  =  37-977 
=  35-543 
ux+2  =  33-075 

5.  (i)  Find  the  ?ith  differential  coefficient  with  respect  to  x  of 

x+\ 
2x'2  -  5x  +  3 

(ii)  Differentiate  with  respect  to  x 

3, 


log  a  /  5 — 

v      <x~  +  ax  +  ar 

6.  Evaluate 

±x  +  2 


dx 


(x-l)2(x-1) 
j  log  ( 1  -  x2)dx 

xn(\ogx)*dx 

7.  If  Uj  =  4157,  1*2  =  ^527  and  w4  =  5435,  find  approximately 
the  value  of  j  u^x. 

8.  In  a  certain  year  A  and  B  were  in  London  for  one  period 
only  in  each  case,  A  for  one  third  of  the  year,  B  for  one  quarter  of 
the  year.    Assuming  that  in  the  case  of  A  any  one  period  of  one 
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third  of  a  year  and  in  the  case  of  B  any  one  period  of  one  quarter  of 
a  year  is  as  likely  as  any  other  period,  find  the  probabilities  that : 

(1)  A  was  in  London  the  whole  of  the  time  B  was. 

(2)  A  and  B  were  not  in  London  at  any  moment  together. 

(3)  A  and  B  were  in  London  at  some  moment  together. 

(4)  A  came  to  London  before  B. 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  B). 

1.  Prove  that  the  total  amount  paid  in  interest  when  a  loan  is 
repaid  by  way  of  a  level  annuity  is  greater  than  when  the  loan  is 
repaid  by  equal  instalments  of  principal,  interest  being  paid  on  the 
balances  outstanding,  but  cannot  be  more  than  twice  as  great. 

*2.  If  it  be  given  that  the  value  of  an  annuity  for  n  years  at  an 
unknown  rate  i  is  a,  and  the  value  at  a  known  rate  1  is  a,  where  a 
does  not  differ  greatly  from  a,  show  that  approximately 

,t    .>    a  -  a 

where  vn+1  is  calculated  at  rate  1. 

Apply  the  formula  to  find  the  rate  at  which  oil!  =  12. 

*3.  A  loan  of  £1 0,000  was  made  at  5  per-cent  per  annum, 
repayable  in  20  years  by  equal  yearly  annuity  payments.  With  the 
10th  payment  of  the  annuity,  a  further  sum  equal  to  the  principal 
in  the  11th,  12th  and  13th  annuity  payments  is  paid  off,  and  the 
balance  of  the  loan  outstanding  is  to  be  redeemed  in  5  years  by  an 
annuity  calculated  to  yield  interest  at  5  per-cent  per  annum  and 
allow  the  replacement  of  capital  at  4  per-cent  per  annum. 

Draw  up  a  schedule  of  repayments,  showing  principal, 
interest  and  balance  of  loan  outstanding. 

*4.  A  government  makes  the  following  advances  to  a  dependent 
state  : 

(1)  £500,000  on  1  J  anuary  1908,  repayable  at  6  per-cent 

per  annum  by  an  annuity,  to  run  for  25  years,  payable 
quarterly ; 

(2)  £300,000  on  7  April  1910,  at  interest  at  the  rate  of 

7  per-cent  per  annum,  payable  quarterly,  the  principal 
being  repayable  by  annual  instalments  of  £25,000, 
commencing  7  April  1915. 

The  borrowing  state  pays  all  charges  up  to  and  including 
the  annuity  payment  due  1  January  1918,  and  then  defaults. 
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On  1  January  1919  it  is  agreed  to  consolidate  the  loans, 
with  all  arrears  of  interest  then  due,  the  whole  to  be  repaid  by  an 
annuity  payable  half-yearly  for  40  years,  calculated  on  the  basis  of 
interest  at  the  rate  of  7  per-cent  per  annum.  What  will  be  the 
amount  of  the  annuity  ? 

5.  A  sum  of  money  is  invested  in  a  stock  bearing  interest  at 
4  per-cent  per  annum,  payable  half-yearly,  and  dividends  are 
invested  in  the  same  stock.  If  the  price  of  the  stock  at  successive 
half-yearly  intervals  is  95,  95j,  96  and  so  on  ;  and  if  income  tax  is 
deducted  at  the  rate  of  6$.  in  the  £  in  the  first  year  and  5s.  in 
the  second,  and  the  cost  of  investment  or  sale  is  J  per-cent,  find 
the  net  effective  rate  of  interest  realized  by  an  investor  if  he  sells 
out  at  the  end  of  two  years. 

*6.  A  company  issued  a  leasehold  assurance  of  £1,000  payable 
at  the  end  of  20  years,  at  an  annual  premium  calculated  on  a  3  per- 
cent basis.  Its  expenses  in  connection  with  the  policy  were  10  per- 
cent of  the  first  premium  and  3  per-cent  of  subsequent  premiums. 
The  policy  was  surrendered  just  before  payment  of  the  tenth 
premium,  a  surrender  value  of  all  the  premiums  except  half  the 
hrst  accumulated  at  2 h  per-cent  compound  interest  being  allowed. 
The  company  made  a  profit  of  £40  on  the  transaction.  What  rate 
of  interest  did  it  earn  on  the  premiums  paid  to  it  ! 

*7.  A  government  issues  a  loan  of  £1,500,000  in  bonds  of 
£1,000  each,  bearing  interest  at  4  per-cent  per  annum,  payable 
half-yearly,  redeemable  in  25  years  by  annual  drawings  as  follows  : 

20  bonds  at  the  end  of  each  of  the  first  five  years 
40              ,,                   ,,  second  ,, 

60  ,,  ,,  third  „ 

80  „  „  fourth  „ 

100  „  „  last 

If  the  price  of  issue  is  such  as  to  yield  the  investor,  on  the 
average,  an  effective  rate  of  4i  per-cent  per  annum,  find  the  yield 
on  a  bond  drawn  at  the  end  of  the  eleventh  year. 


*  "A  Sliort  Collection  of  Actuarial  Tables"  will  he  supplied  for  use  in. 
answering  these  questions. 
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Examination  for  Admission  to  the  Class  of  Associate 
(Part  II). 

First  Paper. 

1.  What  is  a  table  of  mortality?  A  table  of  mortality  was 
once  formed  from  the  number  of  deaths  registered  at  each  age  in  a 
certain  town  during  a  long  period.  State  briefly  what  conditions 
should  have  existed  in  order  to  justify  the  adoption  of  such  a 
course. 

*2.  A  pension  society  is  recruited  each  year  by  100  new  entrants 
at  age  20.  Each  member  pays  an  annual  premium  in  advance  of  <£1 0, 
and  at  age  60  receives  a  pension  of  £80  per  annum  payable  by 
quarterly  instalments  for  5  years  certain,  and  as  much  longer  as  he 
may  live.  The  first  payment  of  the  annuity  is  made  3  months  after 
attainment  of  age  60.  In  the  event  of  death  before  age  60  the 
premiums  paid  are  returned  without  interest. 

When  the  membership  of  the  society  reaches  a  stationary 
condition, 

(1)  How  many  members  will  there  be  under  age  60  1 

(2)  How  many  pensions  will  there  be  being  paid  1 

(3)  What  amount  will  be  returned  each  year  in  the  case  of 

members  dying  before  age  60  1 

(4)  What  amount  will  be  paid  each  year  in  pensions  1 

Give  numerical  answers  assuming  each  year's  entrants 
are  equally  distributed  throughout  the  year,  that  there  are  no 
withdrawals,  and  that  the  mortality  is  in  accordance  with  the 
HM  Table. 

3.  In  the  case  of  three  lives  aged  20,  55  and  65,  the  probability 
that  exactly  one  survives  10  years  is  -121875  and  that  at  least  one 
dies  within  10  years  is  -578125. 

Find  10P20J  10P55  and  ■wP^r,,  assuming  that  they  are  in 
geometrical  progression. 

*4.  A  society  admits  annually  1,000  new  members  at  age  30  ; 
if,  of  the  entrants  of  any  one  year,  there  retire  at  the  first  and 
subsequent  anniversaries  of  the  date  of  their  admission  lOO^o, 
IOO2P30,  IOO3P30,  and  so  on,  find  the  average  age  at  death  of  those 
who  die  while  members  of  the  society,  assuming  HM  Mortality. 

5.  The  probability  that  a  life  aged  20  dies  before  a  life  aged  40 
is  -2697,  the  probability  that  a  life  aged  20  dies  within  10  years 
is  -7320  of  the  probability  that  a  life  aged  30  dies  within  10  years, 
and  the  probability  of  two  lives  aged  20  and  30  dying  within 
10  years  of  each  other  is  -2942.  Find  the  probability  of  a  life 
aged  20  dying  between  the  ages  of  30  and  40. 
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6.  Prove  that 

1      1  dex 

P-x  =7  +  t~  -f- 

^x  ^x 

If  ex  =  a{c  -o:)n  find  an  algebraic  expression  for  lx. 

7.  It  has  recently  been  stated  that  Indian  mortality  can  be 
represented  by  the  equation  ^(Indian)  =  fix+6  (HM)  +  -015,  and 
that  this  relationship  enables  the  3|-  per-cent  annuity-values  based 
on  this  heavy  mortality  to  be  represented  by  using  HM  annuity- 
values  at  5  per-cent  interest  with  an  addition  of  6  years  to  the  age. 
Taking  the  assumption  as  to  mortality  to  be  justified,  do  you  agree 
that  the  deduction  as  to  the  use  of  the  annuity-values  is  correct  ? 
If  not,  indicate  the  nature  of  the  approximation. 

For  the  purposes  of  your  answer  you  may  assume  that  the 
HM  Table  follows  Makeham's  law. 

#  "  A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  these  questions. 

Second  Paper. 

*1.  Assuming  an  uniform  distribution  of  deaths,  find  the  value 
of  \toSl). 

Find  the  value  of  on  the  basis  of  0[NM]  Mortality  with 

3  per-cent  interest. 

*2.  Find  the  annual  premium,  by  the  HM  3  per-cent  Table,  for 
a  20-year  joint  life  endowment  assurance  on  two  lives  aged 
30  and  40. 

3.  Show  how  the  value  of  an  annuity  on  m  joint  lives  may  be 
calculated  by  the  substitution  of  a  single  life  combined  vrith  a 
change  in  the  rate  of  interest,  when  the  mortality  table  follows 
Makeham's  law. 

If  logi0c  =  -03986  and  log10.s  =  -  -0026,  what  age  and  rate  of 
interest  would  you  employ  to  find  the  value  of  a50 : 55  at  3  per-cent 
interest  ? 

4.  If  there  are  two  life  tables  (A)  and  (B)  such  that  the  force 
of  mortality  by  one  is  ctj  +  /qc*  and  by  the  other  a2  +  b0.cx,  show  that 
the  present  value  of  a  joint  life  annuity  axy  where  x  is  an  (A)  life 
and  y  a  (B)  life  can  be  found  by  substituting  two  lives  of  equal  age 
one  from  each  table. 

If  y  be  the  elder,  ^  =  1  +r  where  r  is  small,  d  =  deduction 

to  be  made  from  y  to  obtain  the  equal  age,  and  8  =  deduction  to  be 
made  from  y  to  obtain  the  equal  age  if  both  lives  were  either  (A) 

or  (B)  lives,  prove  that  d  —  8=  ^(l  -  cs)/logec  approximately. 
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5.  Given  a  table  of  values  of  lx  how  would  you  calculate  and 
check  a  table  of  net  single  premiums  for  pure  endowments 
maturing  at  quinquennial  ages  for  all  ages  at  entry  1 

6.  In  two  tables,  A  and  B,  the  rates  of  mortality  are  similar 
for  ages  x  to  x  +  n,  but  in  A  the  rates  are  higher  both  below  age  x 
and  above  age  x  +  n. 

Compare  the  policy  values  by  these  tables  for  endowment 

assurances, 

(1)  At  age  x  for  policies  maturing  at  age  x  +  n  taken  out 

before  age  x. 

(2)  At  age  x  +  n  for  policies  maturing  after  age  x  +  n  taken 

out  at  age  x. 

7.  Confirm  or  correct  the  right-hand  side  of  each  of  the 
following  equations,  giving  a  reason  for  your  answer  from  first 
principles  : 

Lt.    f(lx+h  .Ti\-dx.n\\        j      -     _    ,         -     _  -i 

h  =  o\  1  )-s.,,.,tl  +  M^.,(1-i 

1  f 

r,7z\.c=  V  Ix+tly  +  th+tPy  +  tfh+tflz+tdt' 

*  "A  Short  Collection  of  Actuarial  Tables"  will  he  supplied  for  use  in 
answering  these  questions. 


Third  Paper. 

*1.  A  whole  life  assurance  for  £500  was  taken  out  at  age  25  and 
has  been  20  years  in  force.  There  is  a  reversionary  bonus  of  £180 
attaching.  The  assured  desires  to  surrender  a  part  of  the  bonus  to 
effect  the  alteration  of  the  policy  to  an  endowment  assurance  at 
age  65.  If  the  annual  premium  which  remains  the  same  before  and 
after  alteration  be  £10.  10.?.,  what  portion  of  the  bonus  must  be 
surrendered  1    Use  the  HM  3  per-cent  Table. 


2.  An  office  which  charges  an  extra  premium  of  10s.  per-cent 
per  annum  on  the  sum  assured  for  a  certain  climate  risk  in  the  case 
■of  annual  premium  policies  proposes,  in  the  case  of  single  premium 
policies,  to  charge  the  equivalent  of  an  annual  extra  premium  of 
10s.  per-cent  on  the  difference  between  the  sum  assured  and  the 
single  premium.  Discuss  the  equity  of  this  arrangement  on  the 
basis  of  net  premiums,  ignoring  questions  of  loading  and  bonuses. 

3.  Under  the  "  extended  term "  system,  if  payment  of 
premiums  be  discontinued  after  an  endowment  assurance  has 
been  in  force  any  number  of  years  (»)  the  policy  remains  in 
force  as  a  terra  assurance  for  the  full  sum  assured  for  such  a  term 
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as  the  value  permits,  or  if  the  value  be  more  than  sufficient  to  carry 
the  term  assurance  up  to  the  age  when  the  endowment  assurance 
matures  the  balance  of  the  value  is  applied  to  provide  a  sum  E, 
payable  at  maturity.  How  would  you  calculate  a  table  of  the 
values  of  E  on  a  net  HM  3  per-cent  basis  for  endowment  assurances 
maturing  at  age  M  for  all  ages  at  entry  1 

*4.  Find  the  net  annual  premium  diminishing  by  one-fifth 
each  year  for  a  decreasing  term  assurance  for  £100,000  diminishing 
by  one-fifth  each  year  on  a  life  aged  45  by  the  0[XM]  3  per-cent 
Table. 

*5.  Two  partners,  A  aged  30  and  B  aged  35,  effect  a  joint  life 
assurance  for  £1,000  at  an  annual  premium  of  £33  ;  each  partner 
agrees  to  pay  one-half  of  the  annual  premium,  the  sum  assured  being 
payable  to  the  survivor. 

At  the  end  of  30  years,  B  wishes  to  sell  his  interest  in  the 
assurance  to  A. 

Calculate  the  sum  that  A  should  pay,  on  the  basis  of  Carlisle 
mortality  with  interest  at  3  per-cent  per  annum,  and  prove  the 
accuracy  of  your  calculation. 

*6.  Find  the  single  premium  by  the  Carlisle  3  per-cent  Table 
for  an  annuity  of  1,  to  commence  on  the  death  of  a  man  aged  30, 
payable  for  ten  years  cert-iin  and  as  much  longer  as  his  wife  now 
aged  30  shall  live.  The  annuity  is  to  be  payable  by  monthly 
instalments,  the  first  instalment  being  paid  at  death.  Assume 
ioP30  =  '9  on  the  Carlisle  Table. 

7.  An  office  grants  whole-life  assurances  at  weekly  premiums 
which  terminate  when  the  lives  assured  attain  the  age  of  65  years, 
provided  the  policies  have  then  been  20  years  in  force  or  so  soon 
after  attaining  age  65  as  20  full  years'  premiums  have  been  paid.  The 
policies  provide  that  20  per-cent  of  the  premiums  paid  shall  be  added 
to  the  original  sums  assured  when  they  become  claims.  Deduce 
practicable  formula?  for  the  sums  assured  to  be  granted  at  age  x  next 
birthday  per  weekly  premium  of  6cL,  showing  them  separately  for 
.?<46  and  .?>45. 

You  may  assume  that  the  office  premiums  are  loaded  with  a 
percentage  and  a  constant  c,  and  that  the  entries  are  equally  spread 
over  years  of  life. 

*  "A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  these  questions. 
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Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III— Section  A). 


1.  Describe  a  method  of  obtaining  select  rates  of  mortality 
from  the  experience  of  a  life  assurance  company,  and  show  how 
you  would  obtain  aggregate  rates  of  mortality.  State  how  you 
would  deal  with  the  following  cases,  mentioning  what  date  you 
select  for  termination  in  case  (3). 

(1)  Entered  15  January  1917,  withdrew  15  November  1917, 

born  17  July  1877. 

(2)  Entered  15  January  1917,  died  15  November  1917, 

born  17  January  1877. 

(3)  Entered  15  July  1917,  existing  on  date  when  observa- 

tions terminated,  born  17  January  1877. 

Note. —  Symbols,  if  used,  must  be  fully  defined. 

2.  Define  the  "standard  death  rate."  Discuss  the  limitations 
of  the  standard  death  rate  as  a  method  of  comparison  of  the 
mortality  of  various  places,  giving  a  hypothetical  example  for  the 
four  ages  30,  45,  60  and  75  to  illustrate  your  argument. 

3.  The  rules  of  a  friendly  society  provide  (l)  for  5  months'  full 
benefit  and  reduced  benefits  thereafter,  and  (2)  that  illnesses  not 
separated  by  a  minimum  period  of  10  months  are  treated  as 
continuous  in  interpreting  (l). 

A  man  born  8  July  1884  had  the  following  illnesses : 


Use  this  example  to  show  how  illnesses  would  be  treated 
in  getting  out  rates  of  sickness  from  the  experience  of  the  friendly 
society,  stating  clearly  how  your  assumed  ages,  durations,  &c, 
would  be  calculated  and  how  the  rates  of  sickness  would  be 
obtained. 

4.  What  mortality  tables  have  been  published  based  on  the 
1911  Census,  and  what  are  their  distinctive  features?  Give  a  short 
account  of  the  methods  of  construction  adopted  in  respect  of  any 
one  of  these  tables. 


First  Paper. 


Fell  111. 


Recovered. 
15  November  1909 


12  June  1909 
30  March  1910 


30  May  1910 
1  May  1911 
13  July  1912 


20  November  1910 
15  June  1912 


5.  The  rates  of  mortality  in  the  following  table  are  to  be 
graduated.  Show  how  to  apply  a  summation  formula,  giving 
formula  and  columns,  and  obtain  one  graduated  rate.    What  would 
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be  the  effect  of  successive  summing  in  groups  without  making  any 
adjustment  ? 


Age 

Rate 

Age 

Rate 

per  10,000 

per  10,u00 

25 

62 

- 

36 

77 

52 

37 

66 

27 

47 

38 

84 

28 

40 

39 

65 

29 

85 

40 

101 

30 

47 

41 

73 

3L 

33 

42 

65 

32 

56 

43 

84 

33 

60 

44 

38 

34 

43 

45 

100 

35 

70 

■ 

46 

144 

Second  Paper. 

1.  What  were  the  methods  employed  by  Dr.  Sprague  in 
constructing  his  marriage  and  mortality  tables,  and  what  alternative 
method  can  be  adopted  in  constructing  tables  subject  to  double  or 
treble  decrements  1 

2.  Give  a  brief  account  of  the  graphic  method  of  graduation. 
In  what  circumstances  .would  you  advocate  its  use,  and  why  ? 

AVhat  are  its  main  disadvantages  ? 

3.  Give  a  short  account  of  the  Manchester  Unity  Sickness  and 
Mortality  Experience,  1893-1897,  and  indicate  its  distinctive 
features.  Explain  why,  in  calculating  the  '"exposed  to  risk  of 
sickness  the  persons  dying  in  each  year  of  age  were  assumed  to  be 
at  risk  until  the  middle  of  the  year. 

*4.  The  following  is  a  summary  of  the  claim  experience  of  a 
friendly  society  in  respect  of  a  certain  disease  : 


Number  of 

Duration  of 

Years 

Ages 

Claims  in  weeks 

of  Exposure 

to  Risk 

20-24 

1,112 

16,200 

25-29 

1.908 

46,800 

30-34 

1.475 

37,410 

35-39 

1,125 

28,440 

40-44 

760 

27.540 

45-49 

380 

14,040 

50-54 

40 

6,660 

55-59 

2,N80 

6,800 

180,000 

Obtain  by  the  graphic  method  the  curve  representing  the 
rate  of  sickness. 

VOL.  LII.  P 


198 


The  Institute  of  Actuaries. 


[Oct. 


t5.  How  would  you  make  a  general  comparison  between  two 
tables  of  mortality  1  Illustrate  your  method  so  far  as  possible  from 
the  HM  and  0[NMJ  Tables. 

6.  Which  of  the  graduations  given  below  do  you  prefer,  and 
why  1    Can  you  suggest  what  methods  of  graduation  were  used  ? 


Age 
Groups 

Exposed 
to  Risk 

Deaths 

Rates 

of  Mortal 

ITY 

Ungraduated 

Grad 

I 

Liated 
II 

1st 

500 

8 

•016 

•0200 

•0J40 

2nd 

1,000 

21 

•021 

•0200 

•0190 

or  a 

a,  nnn 

Q(\ 

oU 

•  A9A 
OZU 

01  o£ 

4th 

13,000 

113 

Oil 

•0125 

•0120 

5th 

20,000 

160 

•008 

•0096 

•0099 

6th 

30,000 

300 

•010 

•0097 

•0098 

7  th 

32,000 

320 

•010 

•0100 

•0101 

8th 

32,000 

384 

•012 

•0108 

•0105 

9th 

30,000 

330 

•on 

•0112 

•0112 

10th 

21,000 

252 

•012 

•0122 

•0122 

11th 

17,000 

238 

•014 

•0130 

•0135 

12th 

7,000 

77 

•on 

•0138 

•0151 

13th 

3,000 

45 

•C15 

•0152 

•0169 

14th 

1,500 

30 

•020 

•0195 

•0192 

1 5th 

500 

11 

•022 

•0230 

•0217 

7.  To  what  extent  may  osculatory  interpolation  be  made  use 
of  in  the  construction  of  life  tables  %  To  what  class  of  table  and  to 
what  function  would  you  apply  the  method  and  what  advantage 
does  it  giv  e  % 

*  Sheets  of  cross-ruled  paper  will  be  supplied  for  use  in  answering  this 
question. 

|  "  A  Short  Collection  of  Actuarial  Tables  "  will  be  supplied  for  use  in 
answering  this  question. 


Examination  for  Admission  to  the  Class  of  Fellow 
Part  III. — Section  B. 

First  Paper. 

1.  It  is  desired  to  obtain  by  means  of  Lidstone  s  method  the 
expected  claims  and  strain  among  endowment  assurances  in  a  year. 
Give  the  various  headings  to  the  columns  in  the  schedule  you 
would  employ  to  obtain  this,  indicating  shortly  how  the  figures  in 
these  columns  should  be  used. 
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2.  As  a  method  of  valuing  endowment  assurances  it  has  been 
suggested  that  the  same  age  at  maturity  should  be  assumed  for  all 
policies  and  that  net  premiums  and  other  valuation  factors  should 
be  based  on  that  assumed  age  at  maturity. 

What  processes  would  you  employ  in  applying  the  suggested 
method  to  the  valuation  of  the  with  profit  business  of  a  company, 
so  as  to  eliminate,  as  far  as  possible,  likely  errors  ! 

^liat  do  you  consider  the  advantages  of  and  the  objections 
to  the  use  of  the  method  ! 

3.  The  investigation  into  the  incidence  of  the  premium  income 
of  a  life  assurance  office  shows  the  undernoted  result-.  What 
annuity-values  would  you  use  in  consequence  of  these  results  in 
valuing  (a)  whole-Kfe  and  endowment  assurance  policies  classified  in 
groups,  and  (b)  policies  which  have  to  be  valued  individually  ) 


Distribution  of  renewal  premium  income. 


Premiums  due 

Amount 

Premiums  due 

;  Amount 

£ 

15 

January      ...        ...  j 

50 

lb  July... 

60 

15 

February 

50 

15  August 

GO 

15 

March 

60 

15  September  .  .        ...  ; 

90 

15 

AP"1   | 

50 

15  October      ...        ...  j 

100 

15 

May 

50 

15  November  ... 

130 

15 

June           ...  ... 

70 

15  December   ...  ... 

230 

£1;000 

-t.  A  life  office  with  a  discounted  bonus  scheme  declares  a 
bonus  less  than  the  rate  of  bonus  discounted.  How  should  policies 
under  that  scheme  be  treated,  and  how  would  you  calculate  the 
requisite  increase  in  premium  if  the  policyholders  have  an  option  of 
paying  an  increased  premium  in  place  of  having  the  sum  assured 
reduced  !  Differentiate  if  necessary  between  whole-life  and  endow- 
ment assurance  policies  and  discuss  what  difference  it  would  make 
if  the  bonus  discounted  is  a  compound  reversionary  bonus  in  place 
of  a  simple  reversionary  bonus. 

5.  Describe  the  various  methods  commonly  employed  to  prevent 
forfeiture  of  policies  on  the  non-payment  of  the  premiums,  and  state 
how  you  would  deal  with  such  policies  at  a  valuation. 

6.  Draft  the  headings  for  a  class  book  and  explain  in  detail  the 
method  of  valuation  you  would  adopt  in  dealing  with  a  large 
number  of  immediate  annuities,  some  payable  half-yearly  and  some 
quarterly  most  of  the  annuities  being  apportionable  but  some  being 
non-apportionable. 

7.  An  office  has  issued  a  number  of  endowment  assurance 
policies  providing  for  cessation  of  premiums  during  invalidity. 
How  would  you  deal  with  these  in  a  valuation  ? 
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Second  Paper. 

1.  An  office  has  for  a  number  of  years  past  been  valuing  on  the 
0M  3  per-cent  Table  and  has  been  distributing  profits  by  a  modified 
contribution  method,  surplus  interest  being  divided  in  proportion 
to  the  reserves  held  at  beginning  of  quinquennium  and  the  balance 
of  profit  being  divided  in  proportion  to  ordinary  premiums  paid 
during  quinquennium.  In  order  to  meet  a  heavy  depreciation  in 
securities  the  valuation  basis  is  changed  to  0M  Si  per-cent.  Losses 
have  been  sustained  owing  to  war  mortality,  but  apart  from 
depreciation  the  trading  profits  of  the  quinquennium  have  been 
normal,  the  loss  on  mortality  having  been  made  up  from  increased 
interest  and  profit  on  lapses  and  surrenders. 

Explain  how  would  you  deal  with  the  surplus  disclosed  on 
valuation,  giving  reasons  for  your  decisions. 

2.  In  valuing  the  liabilities  for  non-profit  policies,  an  office 
charging  premiums  that  are  lower  at  most  ages  than  the  valuation 
premiums  takes  credit  for  full  office  premiums.  It  does  a  large 
amount  of  non-profit  business  for  several  years  and  then  its  new 
business  falls  off,  the  decrease  being  entirely  on  the  non-profit 
business.    What  will  be  the  effect  on  the  surpluses  1 

3.  What  objects  should  be  kept  in  view  in  devising  a  con- 
tinuous method  of  classification  ? 

Describe  in  detail  the  working  of  the  method  which  you 
recommend,  and  state  your  views  as  to  the  desirability  of  abandon- 
ing valuation  class-books  in  favour  of  the  card  system  of 
classification. 

4.  Explain  concisely  how  you  would  value  the  following  special 
classes  of  policies  : 

(a)  Double  endowment  assurances  ; 

(b)  Endowment  assurances  carrying  a  guaranteed  bonus  of 

x  per-cent  of  the  office  premiums  paid,  accumulated  at 
compound  interest  at  the  valuation  rate  and  payable 
as  a  reversionary  addition  to  the  sum  assured. 

If  alternative  methods  are  suggested,  state  which  of  the 
methods  you  prefer,  and  on  what  grounds. 

5.  An  old-established  industrial  company  has  on  its  books  a 
large  number  of  policies  effected  at  weekly  premiums  on  the  lives  of 
infants,  the  suni  assured  increasing  on  the  usual  sliding  scale  both 
with  the  age  at  entry  and  the  duration,  until  at  age  1 1  the  full  sum 
assured  under  the  ordinary  adult  table  is  payable.  On  what  bases 
would  you  calculate  the  reserves  for  such  policies  in  practice  before, 
and  after,  the  attainment  of  age  1 1  by  the  child  ? 
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6.  An  office  making  annual  valuations  wishes  to  compare  the 
actual  with  the  expected  claims  and  strain. 

Describe  the  method  you  would  adopt  in  practice  in  making 
such  an  investigation  and  indicate  to  what  extent  your  results  would 
be  approximate  and  the  direction  of  the  error  involved. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV. — Section  A). 

First  Paper. 

1 .  What  are  the  special  provisions  in  the  Assurance  Companies 
Act,  1909,  as  to  policies  issued  or  to  be  issued  by  collecting  societies 
or  industrial  assurance  companies  ? 

2.  Describe  briefly  the  returns  under  Schedules  I,  II  and  III 
of  the  Assurance  Companies  Act,  1909,  which  have  to  be  prepared 
by  a  life  assurance  company. 

3.  What  particulars  have  now  to  be  furnished  to  the  Board  of 
Trade  in  respect  of  employers'  liability  business  ? 

State  in  what  manner  the  liabilities  of  a  company  are 
affected  by  the  recent  change  in  the  Government  rates  of  life- 
annuities. 

4.  It  is  desired  to  transfer  to  a  proprietary  fire  and  life  office 
the  business  of  a  proprietary  company  transacting  life  assurance  and 
employers'  liability  insurance. 

State  clearly  the  procedure  to  be  adopted  : 

(i)  Before  the  transfer  ;  and 

(ii)  After  completion  of  the  transfer. 

Is  it  now  possible,  and  if  so  under  what  conditions,  for  the 
business  of  one  insurance  company  to  be  acquired  by  another 
without  the  Court's  consent'? 

5.  State  the  present  position  of  a  registered  friendly  society 
with  reference  to  : 

(a)  Liability  for  income  tax  ; 

(b)  The  limiting  amount  for  which  it  may  issue  assurance 

and  annuity  contracts ; 

(c)  The  selection  of  new  investments. 

In  what  circumstances  may  a  friendly  society  be  converted 
into  a  mutual  assurance  company  ? 
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6.  In  the  case  of  policies  with  limited  premiums,  it  is  generally 
a  condition  that  in  lieu  of  surrender  value  a  proportionate  paid-up 
policy  may  be  granted,  depending  on  the  relation  between  the 
number  of  premiums  paid  and  the  maximum  number  of  premiums 
payable.  Discuss,  from  an  actuarial  standpoint,  whether  this 
practice  is  justified.  What  considerations  have  in  practice  to  be 
borne  in  mind  when  quotations  for  surrender  value  are  given  1 

7.  In  what  respects  do  you  consider  that  the  Assurance 
Companies  Act,  1909,  so  far  as  it  is  concerned  with  life  assurance 
companies,  might  advantageously  be  amended  1  Deal  specially  with 
the  provisions  of  the  Act  in  reference  to  : 

(a)  Foreign  companies  transacting  business  in  this  country  ;. 

(b)  Industrial  assurance  companies  ; 

(c)  Amalgamations  and  transfers  ; 

(d)  Annual  and  valuation  returns  as  prescribed  in  the 

schedules. 

8.  State  the  provisions  of  the  Friendly  Societies  Act,  1896,  with 
reference  to  the  preparation  and  filing  of 

(l)  Annual  returns,  and  (2)  quinquennial  valuation  reports 
or  returns. 

Give  an  outline  of  the  information  required  to  be  stated  by 
the  valuer  in  his  valuation  report. 

Second  Paper, 

*1.  Under  the  will  of  his  grandfather,  A,  aged  40,  is  entitled 
as  tenant  in  tail,  expectant  on  the  death  of  his  father  B, 
aged  65,  to  a  certain  estate.  A  has  created  a  base  fee  and 
covenanted  to  enlarge  into  a  fee  simple  on  coming  into  the  estate. 
He  wishes  to  raise  £3,000  to  be  secured  by  a  reversionary  charge. 

The  estate  consists  of  3,000  acres,  with  a  rental  of  £2,600 
and  outgo  for  tithe,  rates  and  land  tax  of  £280,  and  was  valued 
10  years  ago  at  £60,000.  B  has  appointed  a  jointure  in  favour  of 
his  wife,  aged  62,  of  £700  a  year,  and  A  has  already  granted 
reversionary  charges  amounting  to  £18,000. 

Value  A's  interest,  and  state  whether  and  on  what  con- 
ditions you  would  grant  him  the  £3.000  he  requires. 

*2.  Apportion  the  following  fund  between  the  life  tenant,  a 
male  aged  63,  and  the  reversioner. 

What  shares  should  be  allotted  to  each  : 

(a)  On  the  assumption  that  both  desire  the  partition  ; 
{b)  If  the  partition  is  at  the  request  of  the  life  tenant  ? 
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Fund :  £2,000  5  per-cent  War  Bonds,  1927  ; 

£150  Madras  Railway  B  Annuity,  1956  ; 

£2,000  Canada  3  per-cent  Stock,  1938  ; 

Leasehold  premises,  having  60  years  to  run,  let  at 
£150  per  annum,  with  ground  rent  £20  per  annum. 


*3.  A,  a  widow  aged  65,  is  entitled  to  a  life  interest  in  one- 
fourth  of  the  following  funds,  determinable  on  remarriage  : 

£5,000  Great  Western  Railway  5  per-cent  Irredeemable 
Debenture  Stock ; 

£2,000  Midland  Railway  2i  per-cent  Debenture  Stock ; 

£3,000  Great  Eastern  Railway  4  per-cent  Debenture  Stock. 

B  is  entitled  to  an  interest  in  another  one-fourth  during  A's 
life  or  until  her  remarriage,  and  an  absolute  reversion  expectant  on 
A's  death  or  remarriage  to  one-half  of  the  funds. 

Value  A's  and  B's  interests  separately,  and  say  how  much 
you  would  advise  lending  to  them  jointly'? 

State  clearly  what  policies,  if  any,  you  would  consider  it 
necessary  to  effect. 


•4.  What  tables  are  generally  used  in  the  practical  valuation  of 
reversions  and  life  interests  ?  Say  which  you  would  employ  at  the 
present  time  and  give  reasons.  What  circumstances  or  special 
features  would  influence  you  in  any  particular  transaction  in 
arriving  at  the  rate  of  interest  to  be  employed  ? 

Give  a  formula  for  valuing  a  contingent  life  interest  to  X 
after  the  death  of  Y,  and  say  what  class  of  policy  would  be  required. 


'5.  A  sum  of  money  is  required  on  security  of  a  reversionary 
life  interest  commencing  at  the  death  of  a  female  aged  71,  the 
funds  consisting  of  trustee  securities,  valued  at  the  present  time  at 
£50,000  and  producing  an  income  of  £2,250  per  annum  gross. 

The  reversioner,  a  male  aged  46,  is  now  uninsurable,  but 
offers  existing  whole  life  without  profit  policies,  already  in  force, 
for  £25,000  at  annual  premiums  amounting  to  £1,100  as  part 
security. 

Say  whether  you  would  deal  with  such  an  application,  and 
if  so,  whether  by  way  of  loan  or  otherwise,  and  why.  Discuss  the 
limits  of  such  an  advance  and  state  in  what  directions  you  would 
require  to  be  satisfied  before  completing  the  transaction. 
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*6.  A.B.,  aged  25,  is  entitled  to  : 

(i)  The  life  interest  in  the  income  from  the  undermentioned 

fund  during  the  joint  lifetime  of  his  mother,  aged  60, 
and  himself  ;  and 

(ii)  The  contingent  reversion  to  the  fund  expectant  on  his 

mother's  death,  if  he  be  then  living. 

What  is  the  market  value  of  A.B.'s  interests,  if  offered  for 
sale  together,  and  what  amount  and  description  of  assurance  should 
be  effected  ? 

Fund :  £5,000  5  per-cent  War  Loan,  1929-47  ; 

£3,000  Mortgage  of  Freeholds  in  the  City  of  London, 
carrying  interest  at  5|  per-cent  per  annum. 

#  "  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  these  questions. 
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Thomas  Percy  Thompson. 
Sidney  Turner. 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  A). 

First  Paper. 

1.  During  a  railway  strike  three  men,  living  in  the  same  street, 
set  out  for  the  Bank.  A  walks  at  4  miles  an  hour,  B  gets  a  lift  in  a 
cart  for  part  of  the  distance  and  walks  the  rest  at  2  miles  an  hour, 
and  C  bicycles  at  10  miles  an  hour.  They  start  at  equal  intervals 
and  arrive  together.  B  passes  A  when  he  has  gone  two -thirds  of 
the  way,  5  minutes  after  C  has  left  home. 

Find  the  distance  they  have  to  go,  the  speed  of  the  cart, 
and  how  far  it  took  B. 
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2.  Solve  the  equations 

(1)  .r  +  y2  =  5 

I  +i  =  I 
z     y  2 

(2)  3?-yz=  

x 

9  _  r^ _  c -a 

y 

j_  a-b 


3.  Prove  that 

r,  .  l    i  l 

for  all  values  of  x. 


X       XT  / 


Y  3        o3  33 

Find  the  sum  of  ; — hf-+  r.  .  .  to  x 

I     j*  !? 

4.  Prove  that  (X3  +  ^  =  X+  approximately,  if  a  is 
small  compared  with  Xs. 

1 

In    what    place    of    decimals    will    (1001)3   differ  from 

10+^ 
3001 

5.  If 

r/-,y  =  .,5    a5(*  -    (g  -  c)     fr5fe  -  e)(x  -  a)  gfa-o)fa-ft) 
—       (a-b)(a-c)       (b-c){b-a)  (c-a)(c-b) 

show  that  (x  -  a)(x  -  b)(x  -  r)  are  factors  of  fix)  and  find  the 
quotient  when  f(x)  is  divided  by  {x  -  a)(z  -       -  c). 

6.  Find  whether  the  series  whose  general  terms  are  as  follows 
are  convergent  or  divergent  : 


(1)   s  tri-l-  s  ,r-l 


(2)  -= 


nx' 


ir  + 1 

(3)  *L 
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7.  A  purse  contains  four  half-crowns,  three  pennies  and  two 
shillings.  Four  coins  are  drawn  at  random.  How  many  different 
sums  can  these  amount  to,  and  what  is  the  most  probable  sum  ? 

8.  A  and  B  play  a  match  of  5  games.  A's  chances  of  winning, 
drawing  and  losing  any  game  are  in  proportion  to  3,  2  and  1 
respectively  ;  2  points  are  scored  for  a  win  and  1  for  a  draw.  What 
is  the  chance  that  the  match  is  drawn  ? 

9.  A,  B,  TO  and  D  each  throw  two  dice  for  a  prize.  The  highest 
throw  wins.  If  equal  highest  throws  are  thrown  by  two  or  more 
players  those  players  continue  the  contest.  A  throws  10.  What 
is  his  chance  of  winning  the  prize  ? 


Second  Paper. 

1.  Given  m0=  1,876,  1^  =  777,  u3  =  19,  and  %=-218, 
interpolate  the  values  of  u2,  u±,  and  u5,  and  find  the  values  of  x  for 
which  nx  is  a  maximum  or  minimum. 

2.  Prove  that 

%  :  y  =  W<0  :  0  +  XAXVV  :  0  +  yAyUQ  .  0  +    AXU0  ■  0 

+  ^  ~  ^  A^o :  o  +  xyAxAyiio .  0  approximately. 

|2 

Given  ^0 :  o,  «o:ii  «o:2>  Wi:o»  M2 :  o>  can  you  suggest 

another  method  of  approximating  to  ux:y,  not  necessarily  using 
all  the  data  ? 

3.  Establish  the  relation  between  the  operators       and  A. 

dx 


Show 


that  djx  =  \  (ux+h  -  ux-h)  -  }j(ux+2h  -  Ux-2h) 
dx     h  Hi 


4.  Find  — \  in  terms  of  differentials  with  regard  to  x  ;  u  and  v 

av 

being  functions  of  x.  Find  the  second  differential  coefficient  of 
x+  Jl+x2         with  regard  to        x  -  -i-a;'2. 


5.  Prove  that  the  first  three  terms   of    the   expansion  of 

n 

24 


(1  +x)x  in  powers  of  x  are  e  -  —  +  —  t^A 
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6.  Evaluate    (1)  /  Ja?  +  2axdx 

J  [cr  -  x~)- 
(3)  ffesa* 

d  flogt 

7.  Find  the  value  of  —  I  etxdx,  where  t  is  independent  of  x. 

at  J  o 

8.  Explain  the  meaning  of  the  expression  f(x)dx. 

In  a  certain  industry,  the  number  of  men  employed  decreases 
at  a  rate  proportional  at  any  moment  to  the  number  employed  at 
that  moment,  and  the  output  per  man  increases  at  a  constant  rate. 
Find  an  expression  for  the  total  output  in  ten  years,  if  the  numbers 
employed  at  the  beginning  and  end  of  the  period  are  N0  and  X1(. 
respectively,  and  the  output  per  man  during  the  first  and  tenth 
years  Aj  and  A](,  respectively. 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  B). 

"A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answei'ing  this  Taper. 

1.  Explain  what  is  meant  by  an  effective  rate  of  interest  and 
a  force  of  interest. 

The  amount  of  £100,000  at  the  end  of  two  years  at  a  certain 
rate  of  interest  convertible  momently  exceeds  the  amount  at  the 
same  rate  convertible  yearly  by  £96.    Find  the  rate  of  interest. 

2.  If  the  rate  of  interest  varies  from  year  to  year  so  that  the 

rate  L  for  the  nth  year  (n>l)  is  given  by  — —r  =  — -—  •- — ^ 

1  +in  n+l 

find  the  value  of  a  perpetuity  in  terms  of  ilt 

3.  A  loan  of  £1,000  is  granted  for  a  term  of  five  years,  to  be 
repaid  by  an  annuity  increasing  £10  per  annum,  of  such  amount 
that  the  lender  will  receive  interest  at  the  rate  of  6  per-cent  per 
annum  on  his  whole  capital  for  the  term  and  be  able  to  accumulate 
a  sinking  fund  at  3  per-cent  per  annum. 

Find  the  amount  of  the  payment  for  the  first  year  and  draw 
up  a  schedule  dividing  the  payments  into  principal  and  interest. 
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4.  A  corporation  issues  a  loan  bearing  interest  at  3  per -cent 
per  annum  for  the  first  ten  years,  4  per-cent  per  annum  for  the 
second  ten  years,  and  5  per-cent  per  annum  thereafter,  payable 
annually.  The  loan  is  redeemable  at  par  by  means  of  a  cumulative 
sinking  fund  of  2  per-cent  per  annum.  Find  the  price  of  issue  to 
yield  4J  per-cent  per  annum  to  an  investor  taking  up  the  whole 
loan. 

5.  A  sum  of  £10,000  is  being  repaid  in  20  years  by  means  of 
a  sinking  fund  calculated  on  a  3j  per-cent  basis. 

At  the  end  of  the  10th  year  it  is  found  that  owing  to 
depreciation  the  fund  produced  by  the  investment  of  the  annual 
sinking  fund  payments  is  only  worth  as  much  as  would  have  been 
produced  if  the  payments  had  been  accumulated  at  3  per-cent 
per  annum. 

Find  the  half-yearly  payment  which  must  be  paid  into  the 
fund  for  the  remainder  of  the  term  on  the  assumption  that  the 
future  rate  of  interest  earned  will  be  4  per-cent  per  annum. 

6.  An  investor  bought  an  annuity  of  £100  per  annum  payable 
yearly  for  20  years  for  £1,100.  To  replace  his  capital  he  effected  at 
the  same  time  a  sinking  fund  policy  maturing  at  the  end  of  the 
term.  If  the  premium  for  this  policy  was  calculated  on  the  basis 
of  interest  at  the  rate  of  3 J  per-cent  per  annum  for  the  first 
10  years  and  3  per-cent  per  annum  thereafter,  what  rate 
of  interest  did  he  earn  on  his  invested  capital  ? 

7.  The  following  two  issues  of  stock  are  made  : 

(a)  At  78  bearing  interest  at  3  per-cent  per  annum 
payable  yearly,  redeemable  at  the  end  of  20  years 
at  par  ; 

(6)  At  98  bearing  interest  at  4J  per-cent  per  annum 
payable  half-yearly,  redeemable  at  the  end  of 
n  years  at  par. 

If  the  yield  to  an  investor  under  the  two  issues  is  the  same 
find  the  value  of  n. 

Examination  for  Admission  to  the  Class  of  Associate 

(Part  II). 

First  Paper. 

"A  Short  Collection  of  Actuarial  Tables"  will  he  supplied  for  use  in 
answering  this  Paper. 

1.  Define  "  Eate  of  Mortality  "  and  "  Force  of  Mortality." 

Under  what  conditions  would  the  "  Eate  of  Mortality  "  be 
equal  to  the  "  Force  of  Mortality  "  ? 
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2.  If  L0  =  4,460 

Lx  =  4,06-4 
L2  =  3,892 

find  l0j  /i,  and  l2,  as  accurately  as  possible. 

3.  A  stationary  community  containing  20,000,000  males 
supports  an  army  in  which  the  total  number  of  regulars 
and  reservists  is  600,000.  Eecruits  enter  at  exact  age  20 
and  are  passed  into  the  reserve  on  attaining  age  25.  There  is 
no  discharge  from  the  arm}'  except  discharge  from  the  reserve  on 
attaining  age  35.  On  the  basis  of  the  BP1  Table  of  Mortality,  what 
proportion  of  the  men  who  attain  age  20  are  called  up  each  year, 
and  what  is  the  strength  of  the  regulars  and  reservists  respectively  ? 

4.  An  office  grants  pensions  of  two-thirds  of  the  final  salary  to 
those  of  its  staff  who  reach  the  age  of  65.  The  pensions  are  payable 
annually  and  the  first  payment  is  due  at  age  66. 

Tt  is  proposed  to  introduce  a  new  scheme  under  which  the 
pension  granted  at  65  will  be  reduced  to  one-half  the  final  salary  ;  a 
gratuity  of  one  and  a  half  year's  final  salary  will  be  paid  in  addition 
at  retirement ;  while  to  the  representatives  of  those  who  die  in 
service  a  year's  salary  will  be  paid. 

Assuming  that  all  members  of  the  staff  enter  at  age  21,  that 
promotion  from  grade  to  grade  is  automatic,  that  the  scale  of  salary 
is 

£100  by  £10  per  annum  to  £200 
£200  „   £15  „  £500 

£500  „   £20  „  £600 

and  remains  at  £600  till  retirement,  that  there  are  no  withdrawals, 
and  that  the  mortality  follows  the  HM  Table,  find  the  difference  in 
the  ultimate  annual  charge  on  the  funds  of  the  office  in  the  two 
cases  for  a  staff  of  1,000. 

5.  Find  an  expression  for  the  probability  that  x  will  survive 
to  the  end  of  the  nth.  year,  and  that  the  joint  lives  of  y  and  z  will 
have  failed  at  least  t  years  previously,  the  failure  being  caused  by 
the  death  of  y(,>  >/). 

If  x,  y  and  z  are  aged  60,  86  and  86  respectively,  what  is  the 
probability  by  the  HM  Table  when  n  =  20  and  t  =  5. 

6.  Define  Q)-.,JTh  and  show  that  it  is  equal  to 

i-.iai-tfck,). 

7.  If  fix  =  A\ogx,  finil  an  expression  for /x.,_and  calculate  the 
value  of  juo0,  being  given  that  log10(5jp>o)  =  1-9862  and'  that 
log  I(/= '4343. 
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Second  Paper. 

"A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  lor  use  in 
answering  this  Paper. 

1.  Write  down  the  symbol  for  the  value  of  a  complete  annuity, 
payable  m  times  a  year,  on  the  life  of  x,  to  begin  to  accrue  immediately 
on  the  death  of  y,  and  prove  that  the  value  of  such  an  annuity  is 
equal  to 

2.  If  Makeham's  law  holds,  show  that 

Aii,  =  -  log  5 .  dXIJ  +  (fa  +  log  s)axy 

where  Aly  and  <l.XIJ  are  calculated  at  a  rate  of  interest  i,  and  axy  is 

calculated  at  a  rate  ;  such  that  1  +j  =  . 

c 

3.  Give  a  formula  for  the  value  of  Al.j^z-  If  an  annual 
premium  were  required  for  this  assurance,  state  how  you  would 
calculate  it.  During  what  status  would  you  make  it  payable, 
and  why  1 

4.  Prove  that 

Tr(m)  _    v    f  i    ,    111  ~  ^  -p(m)\ 
I  2?7l  J 

5.  Given  a  complete  table  of  values  of  net  annual  premiums 
for  whole-life  assurances  and  the  rate  of  interest,  how  would 
you  calculate  a  table  of  values  of  lx  1 

6.  Express  in  the  form  of  integrals 

(i)  the  probability  that  x,  y  and  z  will  all  die  within  n  years 

in  the  order  named,  x  within  1  year  of  y  and  y  within 
1  year  of  z  ; 

(ii)  the  probability  that  x,  y  and  z  all  die  within  n  years, 

at  least  m  years  separating  each  death  (n>2m). 

7.  A,  B,  C  and  D  all  aged  80  have  an  annuity  of  1  per 
annum  payable  until  the  death  of  the  last  survivor  of  them. 
They  agree  to  toss  every  two  years,  the  winner  to  receive  the 
annuity  payments  for  the  ensuing  two  years  if  he  lives,  or,  if 
he  dies  during  the  period  the  survivors  toss  again  in  respect  of 
the  one  or  two  remaining  payments.  A  has  just  won  the  toss  for 
the  first  two  years.  What  are  the  values  by  the  HM  3  per-cent 
Table  of  his  expectation  under  the  annuity  and  that  of  any 
one  of  the  others  ? 
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Third  Paper. 

M  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  Paper. 

1.  A  man  now  aged  40  effected  5  years  ago  a  whole-life 
assurance  for  £500,  the  number  of  annual  premiums  being  limited 
to  a  maximum  of  20.  He  now  desires  to  alter  it  to  an  endowment 
assurance  maturing  at  age  55  for  a  reduced  amount  at  the  same 
annual  premium.  Find  the  amount  of  the  endowment  assurance 
on  the  basis  of  the  Hu  3  per-cent  Table  and  net  premiums. 

2.  Find  by  the  OtXM]  3  per-cent  Table  the  net  annual  premium 
limited  to  a  maximum  of  10  payments  for  a  whole-life  assurance  for 
£1,000  on  a  life  aged  30  with  the  proviso  that  interest  at  the  rate  of 

4  per-cent  per  annum  on  the  total  amount  of  the  premiums  paid  is  to 
be  paid  at  the  end  of  each  year  he  survives. 

3.  A  company  grants  an  annuity  of  £100  per  annum  payable 
by  quarterly  instalments  to  a  life  aged  60  with  the  special 
condition  that  if  the  life  dies  within  4  years  from  the  granting 
of  the  annuity  the  company  will  on  payment  of  £200  grant  a 
similar  annuity  to  another  life  aged  60  at  the  date  of  death  of 
the  annuitant  with  the  same  special  condition  and  so  on 
indefinitely.  What  should  be  the  purchase  money  for  the 
annuity  by  the  HM  3  per-cent  Table  ? 

4.  Find  the  value  by  the  0[NM]  3  per-cent  Table  of  an  annuity 
of  £400  per  annum  payable  half-yearly  for  20  years  certain,  the 
half-yearly  payment  to  be  reduced  to  £150  after  the  first  death  and 
£100  after  the  second  death  of  two  lives  aged  30  and  40  if  such 
deaths  occur  during  the  term  of  the  annuity. 

5.  If  in  a  special  mortality  table  the  number  living  at  age 
40  + a:  is  less  by  100;/;  than  the  number  living  at  the  same  age  in 
the  HM  Table  for  all  values  of  x  from  0  to  10,  find  the  net  annual 
premium  by  the  special  table  at  3  per-cent  interest  for  a  10-year 
endowment  assurance  effected  at  age  40. 

6.  Find  the  single  premium  with  a  loading  of  7 J  per-cent 
for  a  contingent  survivorship  policy  payable  if  a  life  aged  30 
dies  before  a  life  aged  60,  or  within  5  years  of  the  death  of  the 
latter,  with  the  return  of  the  single  premium  without  interest 

5  years  after  the  death  of  60  if  no  claim  under  the  policy  arises 
by  the  death  of  30. 

Use  the  Carlisle  3  per-cent  Table. 
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Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. — Section  A). 

First  Paper. 

Write  an  essay  on  each  of  the  two  following  subjects  : 

(1)  The  Institute  of  Actuaries  proposes  to  collect  a  new  mor- 
tality experience  of  life  offices.  Draft  a  report  to  the  Council 
advising  : — 

(a)  What  data  should  be  collected. 

(6)  In  what  form  the  offices  should  be  asked  to  supply 
the  data. 

(c)  What  groups  should  be  investigated  and  what  life  tables 

should  be  prepared  from  the  data. 

(d)  By  what  methods  the  data  should  be  analyzed  and 

collated  in  order  to  obtain  rates  of  mortality. 

[Graduation  need  not  be  discussed.] 

(2)  A  National  census  is  about  to  be  taken. 

(a)  What   information   should    be   obtained   for  use  in 

connection  with  subsequent  investigations  into 
mortality,  marriage  and  fertility  ? 

(b)  What  statistical  tables  would  you  deduce  from  the 

data  so  collected  ? 


Second  Paper. 

1.  Calculate  from  the  following  data,  which  represent  the 
experience  of  a  calendar  year,  the  ungraduated  rate  of  mortality 
(hdq)x,  and  the  probability  of  marrying  in  a  year  (bmq)x  among 
bachelors,  at  age  25  : 


Age 

X 

New 
Entrants 

nx 

Surviving 
Entrants 

Sx 

Withdrawals 

Existing 

ex 

Bachelors' 
Deaths 

dx 

Marriages 
>nx 

18 

2 

19 

10 

3 

3 

20 

24 

"i 

8 

1 

21 

32 

i? 

i 

14 

2 

22 

34 

16 

3 

20 

1 

7 

23 

38 

22 

2 

25 

5 

24 

31 

26 

29 

10 

25 

22 

30 

2 

34 

2 

12 

26 

14 

32 

4 

37 

12 

27 

15 

34 

5 

44 

1 

8 

The  ages  in  each  case  are  "  nearest  "  ages. 
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2.  Given  the  numbers  living  at  each  age  according  to  the 
Census  and  also  the  births  and  deaths  at  each  age  for  a  number  of 
years  previous  to  the  Census  date,  show  how  to  find  the  rates  of 
mortality  for  ages  0-4  inclusive. 

"What  difficulties  may  arise  in  connection  with  your  method 
and  how  would  you  deal  with  them  ? 

3.  What  second  difference  error  is  involved  in  the  following 
summation  formula  : 


[3]  [5]  [5] 


150 


(  -  M3  +  4tto 


Retaining  the  same  number  of  summations,  find  a  formula 
correct  to  third  differences  and  express  it  in  terms  of  the  values  of 
the  function  to  be  graduated. 


4.  It  is  required  to  graduate  the  following  experience  of  a 
special  class  of  lives  : 


Age  Group 

Exposed  to 
Risk 

' 

20-24 

2,847 

10 

•0035 

25-29 

£,913 

14 

•0036 

30-34 

4,760 

20 

•0042 

35-39 

5,427 

39 

•0072 

40-44 

5,331 

42 

•0079 

45-49 

4.476 

43 

•0096 

50-54 

2,^64 

48 

•0162 

55-59 

1.404 

26 

•01S5 

60-54 

765 

22 

•0288 

65-69 

307 

16 

•0521 

Give  your  reasons  for  and  against  adopting  : 

(a)  The  graphic  method  ; 

(b)  A  summation  formula  ; 

(c)  Makeham's  Law  ; 

(d)  Mr.  King's  osculatory  method. 

State  what  method  of  graduation  you  would  employ  and 
give  reasons  for  your  decision,  indicating  the  function  or  functions 
upon  which  you  would  operate. 

You  may  assume  that  the  data  for  individual  ages  are 
available. 

5.  An  old-established  provident  society  consisting  of  over 
50.000  members  grants  the  following  benefits,,  subject  to  six  months' 
membership  : 

[a)  A   weekly   allowance   during  temporary  disablement 
from  work,  not  exceeding  52  weeks  ; 
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(b)  A  lump  sum  payment  on  death  of  member  ; 

(c)  A  weekly  pension  on  retirement  after  attainment  of 

age  65,  or  after  age  60  if  incapacitated  for  further 
duty  ; 

(d)  A  weekly  pension  of  one-half  the  amount  payable 

under  (c)  after  20  years'  membership  if  incapacitated 
for  duty  before  age  60. 
Membership  of  the  society  is  compulsory  for  all  employees. 
It  is  desired  to  deduce  from  the  experience  of  the  society 
over  a  period  of  5  years  the  following  unadjusted  central  rates  as 
functions  of  the  members  living  at  each  age : 

(1)  Mortality; 

(2)  Secession  ; 

(3)  Weeks  of  temporary  disablement  per  member  per  annum  ; 

(4)  „  full  pension  per  member  per  annum  ; 

(5)  „  .  „  half 

State  precisely  the  particulars  you  would  require  to  enable 
you  to  carry  out  the  investigation  and  describe  in  detail,  giving 
formula,  how  you  would  obtain  the  various  rates. 

How  would  you  construct  the  combined  mortality  and 
secession  table  from  the  adjusted  central  rates  ? 

6.  Into  what  groups  were  the  data  divided  for  the  purpose  of 
investigating  the  mortality  and  sickness  respectively  of  the 
Manchester  Unity  Experience,  1893/7  ? 

State  how  the  "exposed  to  risk"  of  sickness  used  in  that 
experience  differed  from  that  used  in  previous  investigations,  and 
show  how  values  of  can  be  calculated  from  the  rates  of  sickness 
given  by  the  1893/7  experience. 

What  important  point  had  to  be  borne  in  mind  in  connection 
with  sickness  current  at  the  beginning  of  the  experience  ? 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III.— Section  B.) 

First  Paper. 

Write  an  essay  on  each  of  the  two  following  subjects  : 

(1)  The  net  premium  method  of  valuation. 

Its  origin,  development,  advantages  and  disadvantages, 

(2)  The  various  methods  of  distributing  surplus. 

Their  advantages  and  disadvantages  and  their  relation  to 
the  valuation  basis. 
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Second  Paper. 

1.  From  the  following  facts,  complete  the  Eevenue  Account, 
asc  ertain  the  surplus  at  the  end  of  the  year,  and  analyze  the  profit 
earned  during  the  year  into  its  component  parts,  showing  how 
much  is  derived  from  mortality  (including  minor  sources  of  profit), 
interest,  loading  and  surrenders.  What  are  the  usual  minor  sources 
of  profit  included  under  the  heading  "  Mortality"  ? 


Reserves  at  beginning  of  ye.iv 

(Ou  3  per-cent  valuation) 

...  8,629,275 

Reserves  at  end  of  year 

...  8,814,029 

Surplus  brought  forward  fron 

i  previous  year's  valuation 

27,290 

Be  venue  A  ceo  u  n  t — Ite  ms. 


♦Premiums   792,481 

Cons  deration  for  Annuities         ...        ...        ...        ...         ..  2,409 

Claims— bv  Death     532,357 

by  Maturity    207*404 

Annuities  paid        ...        ...        ...        ...                  ...  8,185 

Surrenders'     28,314 

Commission  and  expenses  ...        ...        ...        ...        ...        ...  131,939 


*  The  corresponding  net  premiums  may  be  assumed  to  be  80  per-cent  of  the 
office  premiums. 

Xote.  (1)  The  surrender  values  may  be  assumed  to  be  70  per-cent  of  the 
reserves  ;  (2)  the  average  rate  of  interest  earned  during  the  year  was  £3.  19*. 
per-cent,  after  deduction  of  income  tax. 


2.  During  and  since  the  war  conditions  of  employers'  liability 
insurance  business  have  changed  in  the  following  respects  : — 

(1)  By  arrangement  with  the  Government  insurance  com- 

panies have  agreed  to  cover  ex-soldiers  at  ordinary 
rates  whatever  the  state  of  health  or  disability 
may  be  on  resumption  of  employment  ; 

(2)  The  rates  of  compensation  have  been  materially  in- 

creased. 

Would  you  make  any  allowance  for  these  factors,  and  if 
so,  in  what  manner,  in  valuing  the  liabilities  of  an  old-established 
business  ? 

3.  An  office  transacting  ordinary  business  finds  it  necessary  to 
make  some  allowance  in  its  valuation  for  the  heavy  initial  cost  of 
new  business.  What  methods  have  been  proposed  for  doing  this  ? 
Which  method  do  you  prefer,  and  why  ? 

Q  2 
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4.  In  1915  a  large  mutual  life  office  valuing  on  an  0M  2J  per-cent 
basis  notwithstanding  the  war  paid  its  customary  reversionary 
bonus,  being  assisted  by  the  large  amount  of  undivided  profit 
carried  forward  at  the  preceding  valuation.  Since  1915  it  has  done 
a  large  and  rapidly  increasing  new  business.  It  reduced  its  non- 
profit rates  in  1916  and  has  done  about  50  per-cent  of  its  new  business 
under  non-profit  tables.  Discuss  the  probable  position  at  the 
time  of  the  next  valuation  in  1920  with  special  reference  to  the 
surplus  and  the  source  from  which  it  will  be  derived. 

5.  How  would  you  value  the  following  policies,  assuming  in 
each  case  that  the  class  is  a  large  one  ?  Point  out  any  important 
objections  to  the  method  suggested. 

(1)  Survivorship  assurances  ; 

(2)  Deferred  annuities  without  return  of  premium  on  death 

before  the  deferred  age  (the  answer  need  only  refer 
to  valuation  during  the  period  of  deferment)  ; 

(3)  Double  endowment  assurances. 

6.  Describe  in  detail  how  you  would  classify  and  value  the  joint 
life  policies  at  weekly  premiums  of  a  large  industrial  insurance 
company  which  issues  a  great  number  of  such  policies. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV. — Section  A). 

First  Paper. 

Write  an  essay  on  any  two  of  the  three  following  subjects  : 

(1)  The  Life  Assurance  Companies  Act,  1870,  and  the  Assurance 
Companies  Act,  1909,  as  affecting  Life  Assurance 
Companies,  including  : — 

(a)  The    reasons   for    the    introduction    of  special 

legislation  affecting  the  business  of  life 
assurance. 

(b)  The  main  provisions  of  and  the  reasons  for  the 

1909  Act. 

(c)  The  principal  alterations  in  the  then  existing  law 

made  by  this  Act. 

(d)  What  further  amendments,  if  any,  shoidd  now  be 

made? 
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(2)  The  Friendly  Societies  Acts,  including  : — 

(a)  The  duties  and  privileges  of  registered  societies. 

(b)  Annual  and  quinquennial   returns,    including  a 

resume  of  the  official  forms  and  instructions  Jo 
public  valuers. 

(c)  Investment  of  funds. 

(d)  Payments  on  death  ;  nomination  and  revocation. 

(e)  Limitation  of  benefits. 

(f)  Amalgamation,  conversion  and  transfer. 

(3)  Keversionary  securities  as  investments  : — 

Their  advantages  and  disadvantages. 


Second  Paper. 

*  A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  this  Paper.  If  the  Candidate  considers  tbat  the  Tables  furnished 
are  not  suitable  for  the  purpose  of  valuation,  he  should  indicate  the  basis  he 
would  adopt  and  use  the  Tables  furnished  for  the  purpose  of  approximating 
thereto. 

1.  Discuss  the  general  principles  on  which  surrender  values 
should  be  determined,  and  suggest  formulae  for  the  calculation  of 
surrender  values  of  with  and  without  proht  policies  in  the  following 
classes  : 

(a)  Whole  life  assurances.    (Premiums  payable  throughout 

life.) 

(b)  Whole  life  assurances.    (Limited  premiums.) 

(c)  Endowment  assurances. 

(NOTE. — -In  answering  this  question  you  may  make  your  own  assumptions  as 
to  any  special  features  of  the  life  office  in  question  which  may  influence  your 
answer. 

2.  A.  the  vendor,  aged  26.  whose  life  is  assurable  subject  to  an 
addition  of  10  years  to  the  age  at  a  non-profit  whole  life  annual 
premium  of  £2.  7s.  Od.  per  cent,  is  entitled  to  a  reversionary  life 
interest  of  £30,000  per  annum  and  to  a  capital  sum  of  £100,000 
(contingent)  upon  the  death  of  B,  aged  30  last  birthday.  B's  health 
is  very  much  impaired  and  on  medical  evidence  his  age  should  be 
rated  up  25  years. 

A  has  agreed  to  sell  his  interests  to  a  private  individual 
for  the  following  consideration  : 


(a)  An  annuity  of  £1,000  per  annum,  free  of  income  tax, 
for  the  remainder  of  the  vendor's  lifetime  ;  and 
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(b)  A  cash  payment  of  £60,000,  A  having  the  right  to 
repurchase  at  any  time  within  10  years  for  the  sum 
of  £450,000. 

A  subsequently  endeavoured  to  set  aside  the  agreement  on 
the  grounds  that  the  terms  were  harsh,  and  in  particular  that  the 
repurchase  price  was  exorbitant. 

You  are  consulted  by  the  purchaser  with  a  view  to  justifying 
the  transaction.  State  fully  your  opinion  and  mention  what 
practical  considerations  arise  in  view  of  the  impairment  of  health 
of  the  life  tenant  and  reversioner. 

3.  A  lady,  aged  52,  having  a  husband,  aged  56,  is  entitled  to 
a  life  interest,  forfeitable  upon  remarriage,  in  the  following  funds  : 

£80  G.  I.  P.  Railway  Annuity,  Class  "  A  "  (1948)  ; 

£100  East  Indian  Railway  Annuity,  Class  "  A  "  (1953)  ; 

£100  Madras  Railway  Annuity,  Class  "  A  "  (1956)  ; 

£200  Scinde  Punjab  Railway  Annuity,  Class  "  A  "  (1958)  ; 

£5,000  H.  H.  the  Nizam's  State  Railway  4  per-cent  Mortgage 
Debenture  Stock  (irredeemable). 

State  (1)  what  loan  you  consider  could  safely  be  made, 
giving  full  particulars  of  any  policies  required,  and  (2)  What  larger 
sum,  if  any,  could  be  advanced,  if  two  children  of  the  life  tenant, 
aged  respectively  23  and  25,  entitled  to  the  absolute  reversion  to 
one-half  each  at  death  or  remarriage  of  their  mother,  joined  in  the 
transaction.  What  observations  have  you  to  make  on  the  nature 
of  the  funds  ? 

4.  At  her  death  A  was  absolutely  entitled  in  reversion  to  a 
sum  of  £6,000  Consols  expectant  on  the  death  of  her  mother,  B, 
aged  65.  The  value  is  required  for  probate  and  the  list  shows  the 
price  of  Consols  as  50J-51  on  the  date  of  A's  death.  Value  this 
reversion  for  probate  and  explain  what  courses  are  open  to  A's 
executors  in  regard  to  the  payment  of  Estate  Duty  thereon. 

5.  If  A,  a  male  aged  60,  should  predecease  B,  a  lady  aged  80, 
C's  estate  will  be  entitled  to  one  fourth  of  the  following  fund, 
namely : 

£2,500  3J  per-cent  War  Loan  (1925-8)  ; 

£3,000  4  per-cent  net  War  Loan  (1929-42)  ; 

£4,500  Union  of  South  Africa  4  per-cent  stock  (1943-63). 

Then,  upon  the  subsequent  death  of  B,  C's  estate  will  become 
entitled  to  a  further  one-eighth.  If  B  predecease  A,  C's  estate 
will  immediately  be  entitled  to  the  whole  three-eighths  of  the  fund. 

Find  the  market  value  of  C's  interest. 
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6.  A,  a  lady  aged  GO,  has  a  life  interest  in  the  income  from  : 

•400  shares  of  £5  (£1  paid)  in  Lloyds  Bank  now  producing 
£80  per  annum  and  £800  Gas  Light  and  Coke  Company 
Ordinary  Stock  now  producing  £24  per  annum. 

B,  who  is  entitled  to  the  absolute  reversion,  has  these  invest- 
ments standing  in  his  name  as  sole  trustee  under  a  deed  of  gift,  but 
desires  to  realize  his  interest.  What  difficulties  confront  a 
prospective  purchaser,  and  how  can  they  be  overcome  ? 

7.  Explain  the  various  ways  in  which  reversionary  investments 
can  be  treated  in  the  books  of  a  life  office.  Give  your  views  as  to 
the  advisability  of  setting  up  covering  policies  for  contingent  rever- 
sions and  also  annuities  in  the  books  to  provide  for  payment  of 
premiums  and  interest  during  the  joint  lives  of  the  life  tenant  and 
reversioner. 


Examination  for  Admission  to  the  Class  of  Fellow. 
(Part  IV. — Section  C). 

First  Paper. 

1.  State  what  alterations  were  made  by  the  National  Health 
Insurance  Act.  1918,  in  the  financial  basis  of  National  Health 
Insurance  and  give  a  short  account  of  the  reasons  for  these 
alterations. 

What  changes  were  introduced  in  the  pooling  arrangements 
of  small  societies  and  why  were  these  changes  necessary  ] 

2.  State  your  opinion  generally  upon  the  use  of  a  rate  of 
withdrawal  in  the  valuation  of  : 

{a)  A  Friendly  Collecting  Society  ; 
lb)  A  Kail  way  Staff  Pension  Fund. 

3.  The  superannuation  fund  of  a  certain  authority  provides 
(inter  alia)  the  following  benefits  for  the  employees  : 

Pensions. — On  retirement  at  age  60  subject  to  40  years' 
service,  or  at  age  65,  or  earlier  in  the  event  of 
permanent  incapacity,  one-sixtieth  of  average  salary 
of  the  three  years  prior  to  retirement  for  each  year 
of  service  (maximum,  forty-sixtieths). 

On  death  after  retirement. — A  cash  payment  equal  to 
3  months'  pension. 

On  death  in  the  service. — A  cash  payment  of  1  year's  salary. 
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On  the  basis  of  the  subjoined  extract  from  the  "  Service 
Table  "  and  interest  at  3^  per-cent  i>er  annum,  calculate  the  Reserve 
in  respect  of  an  employee  now  aged  63  who  has  completed  35  years' 
service  and  is  in  receipt  of  a  salary  of  £300  per  annum.  The 
annual  rate  of  contribution  payable  to  the  Fund  is  10  per-cent 
of  the  salary. 


Existing  in 

Average 

Annuity- 

Age 

X 

Deaths 

Retirements 

Salary  at 

value  tor 

Age 

Service 
(I) 

(dx) 

Age  x 

Pensions 

(«,) 

X 

60 

4,495 

45 

854 

260 

9,557 
9,303 

60 

61 

3,596 

39 

1,079 

261 

61 

62 

2,478 

31 

1,115 

262 

9,05  L 

62 

63 

1,332 

20 

666 

263 

8,799 

63 

64 

646 

13 

323 

264 

cS,545 

64 

65 

310 

8 

302 

264 

8,291 

65 

66 

8,033 

66 

period 


Second  Paper . 
1.  A  friendly  society  grants  the  following  benefits  : 

Sickness  benefits. — 9s.  per  week  for  the  first  52  weeks  ; 

5,5.  per  week  after  52  weeks  for  remainder 
of  sickness. 

Funeral  benefits. — £10  on  death  of  member  ; 

£5  on  death  of  member's  wife  in  member's 
lifetime. 

The  following  data  are  supplied  to  you  for  a  quinquennial 


Age  Group 


16-30 
31-45 
46-60 
61-75 
76-84 


Mkmbership 


Beginning  ol 
period 


102 
91 
50 
27 
4 


End  of 
period 


90 
97 
53 
32 
5 


Total  Annual 
Contributions  to  Benefit 
Fund  at  end  of 
quinquennial  period 


£ 
78 
85 
47 
28 
5 


Age  Group 


16-30 
31-45 
46-60 
61-75 
76-84 
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T..tal  Benefit 

Actual  Hat  Lhtbrrsi 

IXCOMK 

ACTFAL  SfCKKB 
• 

ss  Cost        .  i 

Beginning  of 
period 
End  of 

£ 
3.497 

Year 

Full 

Reduced 

£ 

£ 

£ 

1st  year 

3.579 

1 

142 

1 

1 15 

1  13 

2nd 

3.679 

15U 

2 

140 

119 

3rd  „ 

:  5.7 13 

3 

144 

3 

181 

124 

4th  3, 

3.791 

4 

148 

4 

141 

125 

5th 

3,876 

5 

161 

150 

98 

Total  number  of  members'  deaths  in  the  quinquennium  17- 


On  the  basis  of  the  Manchester  Unity,  Whole  Society, 
Experience  calculate  approximately  the  expected  sickness  cost  and 
the  expected  number  of  deaths  for  the  quinquennial  period.  Make 
a  valuation  as  at  the  end  of  the  period,  draw  up  the  valuation 
balance  sheet  and  show  the  degree  of  solvency. 

State  whether  as  a  result  of  the  approximate  investigation 
into  the  sickness  and  mortality  experience  you  would  modify  the 
standard  valuation  factors  in  any  way.  and  give  your  reasons. 

2.  Give  a  short  account  of  any  official  investigations  into 
occupational  mortality. 

To  what  extent  can  valid  conclusions  be  drawn  from  such 
investigations,  and  what  points  have  to  be  borne  in  mind  in 
interpreting  the  results  \ 

3.  Determine  from  the  following  data  the  approximate  values 
of  the  mean,  median,  mode,  upper  and  lower  quartiles,  and  standard 
deviation. 

How  can  the  relative  values  of  mean,  median  and  mode  be 
checked  approximately  ? 


Value 

Frequency 

Value 

Frequency 

0-1 

•on 

S-7 

120 

1-2 

017 

7-8 

163 

J  2-3 

026 

8-9 

•196 

3-4 

•038 

9-10 

181 

4-5 

•056 

10-11 

•093 

5-6 

•083 

11-12 

016 

1-000 
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PROCEEDINGS  OF  THE  INSTITUTE. — Session  1919-1920. 

First  Ordinary  Meeting,  24  November  1919. 

The  President  (Mr.  Geoffrey  Marks,  O.B.E.)  in  the  Chair. 

A  paper  entitled  "  The  Reversionary  (or  Prospective)  and  Collective 
"  methods  of  valuing  Widows'  Funds,  with  some  notes  on  the  valuation  of 
"  the  Church  of  Ireland  Widows'  and  Orphans'  Fund",  was  submitted  by 
Dr.  C.  E.  Howell. 

The  following  gentlemen  took  part  in  the  discussion  : — Messrs.  T.  Tinner, 
W.  Penman,  J.  Bacon,  A.  D.  Besant,  E,  C.  Thomas,  and  the  President. 


Second  Ordinary  Meeting,  2  February  1920. 

The  President  (Mr.  Geoffrey  Marks,  O.B.E.)  in  the  Chair. 

Resolved: — (1)  That  the  Messenger  Legacy  Fund  be  permanently 
appropriated  for  educational  purposes ;  (2)  That  a  Gold  Medal  of  the 
Institute  be  given  to  commemorate  work  of  outstanding  originality  in 
actuarial  science  on  such  occasions  as  the  Council  may  deem  fit. 

Messrs.  James  Tait  Campbell,  F.F. A.,  George  Hugh  Reeknell,  F.F.A., 
Walter  Carlow  Reid,  T.F.A..  and  -John  Stark  Benson  Wilson,  F.F.A.,  were 
elected  Associates  of  the  Institute. 

A  discussion  took  place  on  Approximate  Group  Valuation,  introduced  by 
the  following  papers: — (1)  Some  further  suggestions  on  the  subject  of 
Approximate  Valuation,  by  Mr.  Alfred  Hemw,  and  (2)  A  new  method  of 
valuing  Policies  in  Groups,  b}r  Mr.  H.  L.  Trachtenberg. 

The  following  gentlemen  took  part  in  the  discussion  : — Messrs.  R.  D. 
Anderson,  R.  C.  Simmonds.  Sir  Alfred  Watson,  W.  Palin  Elderton,  and  the 
President. 

Third  Ordinary  Meeting,  10  May  1920. 

The  President  (Mr.  Geoffrey  Marks,  C.B.E.)  in  the  Chair. 

Sir  Joseph  Burn,  K.B.E.,  opened  a  discussion  on  the  Actuarial  Aspects 
of  Industrial  Assurance,  with  special  reference  to  the  Report  of  the 
Departmental  Committee  on  the  Business  of  Industrial  Assurance  Companies 
and  Collecting  Societies. 

The  following  gentlemen  took  part  in  the  discussion: — Messrs.  A.  D. 
Besant,  C.  W.  Ivenchington,  S.  G.  Warner,  J.  Murray  Laing,  C.  S.  Kelham, 
H.  H.  Austin,  and  the  President. 


The  Seventy  third  Annual  General  Meeting,  7  June  1920. 

The  President  (Mr.  Geoffrey  Marks,  C.B.E.)  in  the  Chair. 

The  proceedings  at  the  Annual  General  Meeting  will  be  found  on 
page  230. 

REPORT,  1919-1920. 

The  Council  have  the  pleasure  to  report  to  the  Members  upon  the 
work  of  t  he  Institute  during  the  Session  of  1919-1920,  the  seventy-second 
year  of  its  existence. 

There  has  been  an  increase  of  24  in  the  total  number  of  members,  as 
■compared  with  the  previous  year.     At  the  end  of  the  official  year  in 
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which  the  Institute  was  incorporated  by  Royal  Charter  the  number  of 
Members  was  434;  twenty-four  years  later,  at  31  March  1909.  it  was  998. 
Since  that  time  thp  numbers  have  been  as  follows: 


On 
31  M»rch 

Fellows 

• 

A  S  S  t )  C 1  it  X  t?  S 

S  IK  e.l  s 

Corresponding 
Members 

Total 

1910 

259 

335 

348 

21 

963 

1911 

267 

339 

308 

20 

934 

1912 

'11 '8 

354 

268 

20 

920 

1913 

282 

355 

252 

19 

908 

1914 

295 

358 

238 

19 

910 

1915 

304 

3H1 

263 

17 

945 

1916 

308 

345 

247 

17 

917 

1917 

303 

344 

231 

18 

896 

1918 

295 

332 

215 

18 

sfiO 

1919 

288 

330 

205 

18 

8  II 

1920 

305 

345 

197 

18 

865 

The  following  schedule  shows  the  additions  to.  and  the  changes  and 
losses  in  the  membership  which  have  occurred  during  the  year  ending 
31   March  last: 

Schedule  of  Memheishvp,  31  March  1920. 


Fellows 

Associates 

Students 

Corres- 
ponding 
Members 

Total 

i.  Number    of  Members 

in    each    class  on 
31  March  1919 

ii.  Withdrawals  by 

(1)  Death 

(2)  Resignation  or 

otherwise  . 

288 
4 

330 
3 
5 

205 
3 

7 



18 

! 

841 

22 

iii.  Additionsto Membership 

(1)  By  Election  . 

(2)  By  Examination  . 

(3)  Hy  Re-iiiatatement 

284 
... 

::. 

322 
5 
3 

195 

32 
6 

18 
•  1 

::  J 

819 
4C> 

i  \ .  Transfers' 

(1)  By  Examination : 
from  Associates 
to  Fellows 

284 
18 

330 
18 

233 

18 

863 

(2)  By  Examination  : 
from  Students 
to  Fellows 

302 

3 

.  312 

233 
3 

18 

865 

1 3)  By  Examination : 
from  Students 
to  Associates  . 

305 
.. 

312 

33 

230 
33 

18 

865 

< .  Number   of  Members 
in    each    class  on 
31  March  1920 

305 

345 

197 

18 

865 

[Continued  o?i  page  226.] 
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Revenue  Account  for 


1919. 

£     s.  d. 

8,184  13  2 

446  18  6 

383  19  9 

832  19  5 

9,848  10  10 

135  11  3 

804    6  0 

565  19  0 

157  W  0 

32  11  0 


1,560  6 


48    6  0 

1,512    0  0 

KflO  0 

1,522  10  0 

5  15  6 

18  18  Q 

24  13  6 

134  11  0 

215  19  3 

13    8  2 

11  10  5 

19  2  2 


Amount  of  Funds  at  the  beginning  of  the  year—  £ 
General  Fund  (including-  Stock  of  Publications,  other 

than  Journal)   8,242  10  7 

Messenger  Legacy  Fund    ......  460    (5  8 

Brown  Prize  Fund   395  10  2 

G.  F.  Hardy  Memorial  Fund   987  12  10 

G.  F.  Hardy  Memorial  Fund  (A.  J.  Cook's  Bequest) 
Subscriptions — 

Fellows   947    2  0 

Associates.        .   727  13  0 

Students   222  12  0 

Probationers      .        .        .        .             '   .        .  154    7  0 

2^51  14  0 

Less  Waived  and  returned  to  Members  a  nd  Probaf  ioners 
on  Naval  and  Military  Service 

One  Annual  Subscription  Compounded  for  .  .  10  10  0 
Entrance  Fees — 

Associates   10  10  0 

Students   44  12  6 

Probationers     .        .   84    0  0 

Balance  of  Publications  Account  ..... 

Dividends  and  Interest  — 

General  Fund   290  10  2 

Messenger  Legacy  Fund    .        .        .        .        .        .  16  15  2 

Brown  Prize  Fund   14    8  0 

G.  F.  Hardy  Memorial  Fund   53  14  6 


1920. 

d.      £  *. 


L0,086  0 


2,062  4 


139  2 
206  7 


260    0  0 


375    7  1| 


£11,925  16  7 


£12,869  1 


£ 
323 
37 


s. 
19 
0 


d. 


Publications  Account  for  th 


2  Stock  (excluding  Journal)  at  the  beginning  of  the  year 
0  Cost  of  Reprint  of  Sir  G.  F.  Hardfs  Prize  Fssay  on  Friendly  Societies. 
Cost  of  Reprint  of  "Short  Collection  of  Actuarial  Tables"  . 
31    1  10  Binding,  Advertising,  &c.       .        .      >  . 

0  Balance         .       .       .       .       .       .       .       .       .  >  . 


134  11 


£526  12  0 


£ 

249 


6 


29  19 
81  0 
206  7 

£566  13 


Balance  S/iee 


£  s.  d. 

8,242  10  7  General  Fund 

233  9  2  Messenger  Legacy  Fund 

226  17  6  Accumulated  Dividends 

460  6  8 

■W0  0  0  Brown  Prize  Fund  . 

195  10  2  Accumulated  Dividends 


LIABILITIES. 


395  10  2 

903  7  0  G.  P.  Hardy  Memorial  Fund 
84    5  10  Accumulated  Dividends  . 


987  12  10 


145  13    0  Reserve  for  Income  Tax  on  War  Loan  Stock 
38    8    3  Sundry  unpaid  Accounts  . 
10  10    0  Examination  Fees,  1920  . 


£    jr.,    d.        £     s.  d. 

8,004  17  0 

.233  9  2 
.  243  12  8 

477    1  10 

.200  0  0 
.  209  18  2 

409  18  2 

.  903  7  0 
.  138    0  4 

1,041    7  4 
&c.  .... 


9.933  4 

86  8 

35  4 

8  8 


£10,280  11  6 


£10,063  4 


1920.]  Annual  General  Meeting. — Statement  of  Accounts. 
\  ending  31  March  1920. 

1919T-  p 
£     s.    d.  Journal — 

399  10  5  Printing  of  Nos.  271,  272  .... 
43    2    6         Editorial  Expenses  


m  12 11 

12S   8  6 


Less  Sales  (taring  the  yes 


^49    3    2  Library — Binding,  Purchases,  &c.  . 

Moving  and  refitting  Bookcases 


21  12    0  Meetings  

40  16    0  Legal  Charges  

Examination  Charges  . 

Less  Fees  received  from  Candidates  (1919) 

Tutors  for  Classes  in  Parts  I  and  II 
Less  Fees  received  from  Students 


600 
534 
55 


0  Office  Expenditure — Kent 


32  14  10 

j  149    7  1 
38    2  11 
4    4  8 

1,414    0  9 


Salaries 
House  Expenses 
Fire  and  other  Insurance 
Furniture  and  Fittings 
Stationery  and  Printing 
Postage  and  Telegrams 
Sundries  . 


225 


1920. 


518 

19 

2 

a:\ 

2 

6 

562 

1 

8 

206 

2 

3 

43 

18 

g 

93 

15 

7 

698 

1 

2 

295 

1 

0 

3 

0 

-Q  1 

0 

600 

0 

0 

601 

16 

b 

100 

13 

3 

32 

17 

10 

10 

17 

4 

220 

6 

2 

40 

4 

1  1 

6 

6 

11 

Lectures  on  Finance  and  Statistics  ■ 

Valuations  for  the  Royal  Patriotic  Fund  Corporation  (out  of  pocket 

expenses)     -  *.'*■** 

i0,086    0    3  Amount  of  Funds  at  the  end  of  the  year  as  per  Balance  Sheet 


11,925  16 


Examined  and  found  correct,  28  April  1920. 
E.  W.  HUMPHRY,  ) 


355  19 


137  14 
49  10 


403    0  2 


159    0  0 


1 .622 
138 

70 
9.933 


2  11 
2  6 


STANLEY  HAZ ELL, 
1).  M.  GARMENT, 


-  A  ud if orx. 


£12,869    1  8 


?ar  ending  31  March  1920. 


£     s.  d. 

277    5    S  Sales  (excluding  Journal)       .  . 

249    6    4  Stock  (excluding  Journal)  at  the  end  of  the  year 


£  s.  d. 
422  1  2 
144  12  0 


£52-5  12  0 


Examined  and  found  correct,  28  April  1920. 
E.  \V.  HUMPHRY,  ) 


STANLEY  HAZ  ELL, 
I).  M.  CARM  RNT, 


Auditor-*. 


,1  March  1920. 


£  s. 

1,875  0 
726  5 
700  0 
357  15 

4,275  0 
400  0 

249  6 

250  0 
480  18 

63  0 
903  7 


£566  13  2 


rf.  ASSETS. 
0  £3,000  Natal  3  per-cent  Consolidated  Stock,  1929-49  . 
0  £1,000  Dominion  of  Canada  3|  per-cent  Registered  1930-50  Stock 
0  £1.000  New  South  Wales  3£  per-cent  Inscribed  1930-50  Stock 
0  £600  Belgian  Government  3  per-cent  Sterling  Loan  of  1914 

0  £4,500  5  per-cent  War  Stock,  1929-47  

0  £400  National  War  Bonds,  4  per-cent,  1927   

4  Stock  of  Publications  (excluding  Journal)  in  hand 

0  Cash  on  Deposit  Account  

2  Cash  on  Current  Account  and  in  hand  

0  Subscriptions  in  Arrear 

0  £954.  hs.  6d.  5  per-cent  War  Stock,  1929-47  (G.  F.  Hardy  Fund) 
The  Stock  Exchange  Securities  are  taken  at  the  values  at  which  they  stood  on  -31  March 
1916,  and  at  cost  price  in  the  case  of  any  acquired  since  that  date. 


£10,280  11  6 


Examined  and  found  correct,  28  April  1920. 
E.W.HUMPHRY,  ) 
STAN  LEY  HAZEL  L,     [  A  u  d  itors. 
1).  M.  CARM  EXT.  ) 


£  s. 
1,875  0 
726  5 
700  0 
357  15 


4.275    0  0 


400  0 
144  12 


623  10  6 
57  15  0 
903    7  0 


£10,063    4  6 


1 
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There  are  also  230  candidates  admitted  as  Probationers,  ;md  79  as 
Students  conditionally  on  their  passing  Part  I  of  the  Examination.  These 
'are  not  included  in  the  above  Schedule  of  Membership.  The  numbers  in 
these  two  classes  at  31  March  1914  was  200  and  67.  Since  that  date  the 
numbers  have  been  as  follows  : 


On  31  March 

Probationers 

Conditional 
Students 

On  31  March 

Probationers 

Conditional 
Students 

1915 

188 

72 

1918 

156 

70 

1916 

172 

73 

1919 

169 

73 

1917 

173 

67 

1 920 

230 

79 

The  Council  ha  ve,  with  great  regret,  to  report  the  loss  by  death,  since  the 
last  Annual  Meeting,  of  four  Fellows,  Messrs.  A.  B.  Adlard,  J.  Coles, 
N.  C.  M.  Home,  and  A.  Pearson  ;  three  Associates,  Messrs.  S.  Gr.  Martin, 
E.  H.  Panton,  and  T.  Peele ;  and  three  Students,  Messrs.  H.A.Bolton, 
V.  M.  Kime,  and  H.  Watson.  Lieutenant  Watson,  and  two  Probationers, 
Captain  G.  Y.  Heald  and  Lieutenant  A.  V.  Clare,  were  killed  in  the  War. 

The  Council  regret  that  it  has  not  yet  been  possible  to  place  in  the  Hall 
of  the  Institute  a  memorial  of  the  Members  and  Probationers  who  fell  in 
the  War.  Proposals  have  been  under  consideration,  and  it  is  hoped  that 
the  desired  object  may  soon  be  achieved. 

The  Annual  Subscriptions  and  the  Entrance  Fees  appearing  in  the 
Revenue  Account  amounted  to  £2.201.  6s.  6d.,  as  compared  with 
£1,547.  3?.  6d.  in  the  previous  year.  The  Income  and  Expenditure  for  the 
year  were  £2.783.  l.s\  od.  and  £2,935.  17.9.  4id.  respectively. 

The  Examina'  ions  were  held  in  June  and  December  last  year  with  the 
following  results  : 


Part 

Entered 

Sat 

Passed 

I,  Sec.  A 

167 

142 

63 

I,  Sec.  B 

132 

113 

52 

11  

75 

67 

36 

Ill,  Sec.  A       .     ■   .       .  . 

54 

52 

24 

Ill,  Sec.  B 

49 

47 

23 

IV,  Sec  A  .... 

47 

45 

22 

The  names  of  the  successful  Candidates  have  already  been  published  in 

the  Journal* 

Lectures  on  Finance,  by  Prof.  H.  S.  Fcxwell,  M.A.,  and  on  Modern 
Statistical  Methods,  by  Miss  Ethel  M.  Elderton.  weie  delivered  during  the 
Session.  The  Council  hope  that  it  may  be  possible  to  arrange  in  the  future 
for  further  courses  of  Lectures  on  subjects  of  general  interest  to  the 
profession. 

An  announcement  has  already  been  made  of  the  Council's  intention  to 
present  a  Gold  Medal  to  commemorate  work  of  outstanding  originality  in 
actuarial  science  and  to  give  prizes  out  of  the  Prize  Funds  for  any  work 
of  exceptional  merit.  The  Council  desire  to  express  the  hope  that  the 
opportunity  may  soon  arise  to  make  such  awards. 

Women  are  now  eligible  for  membership  of  the  Institute  on  the  same 
conditions  as  men.  Twelve  women  have  been  admitted  to  the  Class  of 
Probationer  since  the  new  regulation  came  into  force. 


*  See  Vol.  li,  p.  394;  Vol.  lii,  p.  114. 


1920.1     Annual  General  Meeting. — Eeport  of  the  Council.      2'2  i 
the  Institute  publications  on  HI  .March  was  as 


The  stock  in  hand  of 
follows  : 

No.  of  Copies 
30,248 
724 
1,321 
225 
628 
726 
307 

731 

36  in  cloth 
2,290  in  paper 

1.524 
1,169 

681 
1.315 

791 

4S2 
1,472 

313 

232 
70 

619 
620 

132 


129 

11  Man  1920. 


Deserintioii  of  Work 
Parts  of  Journal. 

Index  to  Vols.  1  to  40. 

Text-Book,  Part  I  (Revised  Edition). 

Text-Book,  Part  II  (Second  Edition). 

Government  Joint- Life  Annuity  Tables 

Select  Life  Tables. 

A  Short  Collection  of  Actuarial  Tables  [New 
Eilition). 

Frequency-Curves   and    Correlation,  with 
Addendum  and  Errata  [W.  P.  Elderton). 

Lectures  on  Finance  and  Law  (Clare  and 
Wood  Hill). 

Lectures  on  tlie  Companies  Acts   (A.  C. 
Clausou). 

Lectures  on  the  Law  of  Mortgage  (W.  G. 
Hayter). 

Lectures  on  the  Measurement  of  Groups 
and  Series  (A.  L.  Bowley). 

Lectures  on  the  Construction  of  Tables  of 
Mortality,  &c.  (Sir  G.  F.  Hardy,  K.C.B.). 

Lectures  on  Stock  Exchange  Investments 
(Sir  J.  Bum,  K.B.K.). 

Messenger  Prize  Essay  on  Friendlv  Societies 
(Sir  G.  K.  Hardy,  K.C.B.). 

Lectures    on    Friendly    Society  Finance 
(Sir  A.  W.  Watson  . 

South  African  War  Mortality  (F.  Schooling 
and  E.  A.  Rusher). 

Life  Assurance  Law  (A.  B.  Barraud). 

Newton's    Interpolation  Formula?  (D.  C. 
Fraser). 

British  Offices'  Valuation  Tables. 

British    Offices'    2f   per-cent  Temporary 
Annuity  Values. 

Transactions  of  the  Second  International 
Congress  of  Actuaries. 

Index    to   Transactions   of   Seven  Inter- 
national Actuarial  Congresses. 

Examination  Questions,  191 2-1 5,  and  1919,. 
separately  bound. 
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EXAMINATIONS,  JUNE  1920. 

Examinations  were  held  on  the  21st,  22nd  and  23rd  June  1920,  at 
London.  Liverpool,  Cardiff,  Norwich,  Edinburgh,  Dublin,  Melbourne, 
Sydney,  Perth,  Montreal,  Toronto,  Ottawa,  Winnipeg,  Singapore, 
Shanghai,  Bombay,  and  Calcutta,  with  the  following  results: 


Part  I.— Section  A. 

One  hundred  and  eleven  candidates  sent  in  their  names,  of  whom 
•one  hundred  and  one  presented  themselves,  and  sixteen  passed,  namely  : 


Gale,  C.  E. 
Care,  H.  C. 
Cooper,  F.  R. 
Davis,  0.  M. 
Dhar,  S.  C. 
Gill,  I).  H. 


Gregory,  Miss  G.  C. 
Grimshaw,  W.  E. 
Jones,  H.  G. 
Keady,  P.  J. 
Kops.  C.  W. 


Pal,  A.  T. 
Perks,  W. 
Scott,  Miss  H.  M. 
Williams.  G.  T. 


Part  I. — Section  B. 


One  hundred  and  five  candidates  sent  in  their  names,  of  whom 
■eighty-eight  presented  themselves,  and  twenty-seven  passed,  namely: 


Ascott,  F.  E. 
Beckworth,  C. 
Bowrey,  Miss  M.  L 
Gale,  C.  E. 
Care,  H.  C. 
Christie,  V.  G. 
Clough,  W.  H. 
Creese,  H.  R. 
Cutler,  D.  (t.  S. 


Davis,  Miss  D.  B. 
Dodwell,  Miss  M.  E 
Dowsett,  R.  E. 
Grimshaw,  W.  E. 
Guest.  C.  F. 
Hallett,  H.  J. 
Johnston.  A.  W. 
Keady,  P.  J. 
Kops.  C.  W. 


Lynch,  L. 
Parker,  R.  O. 
Read,  E.  K. 
Rowan,  H.  R. 
Saunders,  F.  W. 
Schwehr,  W.  E.  P. 
Scott,  A.  W. 
Scott,  Miss  H.  M. 
Williams,  G.  T. 


Part  II. 


Thirty-six  candidates  sent  in  their  names, 
presented  themselves,  and  nineteen  passed,  namely  : 

•Cope,  A. 


Creese,  H.  R. 
Curtis,  A.  T.  G. 
Eames,  G.  S. 
Finch, G. 
Forster,  W.  A. 
Ooodfellow,  P. 


Martin,  F.  C. 
Miller,  I.  A. 
Milnes.  H.  L. 
Pedoe.  A. 
Reynolds,  P.  C. 
Sanger,  C.  W. 
Schwehr,  W.  E. 


of   whom  thirty-two 

Shaw,  E.  H. 
Starke,  L.  G.  K. 
Taylor,  F.  R.  S. 
Thurston,  0.  I 'a. 
Walker,  J.  R. 


P. 
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Part  III.— Section  A. 

Thirty-six  candidates  sent  in  their  names,  all  of  whom  presented 
themselves,  and  ten  passed,  namely  : 

Atkins..  F.  C.  Reid.  W.  C.  Thorpe,  A.  H. 

Innes,  F.  F.  Rowell,  A.  H.  Welsh.  W. 

Jones,  R.  McXair  Rutherford,  C.  D. 

Lochhead.  R.  K.  Stockman.  G.  D. 


Pabt  III— Section  B. 


Twenty-four  candidates  sent  in  their  names,  of  whom  twenty-three 
presented  themselves,  and  thirteen  passed,  namely  : 


Brown.  E.  A.  L. 
Olegg.  C. 
Freeman,  H. 
Hocking,  W.  S. 
Holgate.  B. 


Johnson.  A.  X. 
Johnston.  W.  X. 
Knowles,  Iff.  B. 
Mabon,  J.  B. 
Marriott.  A. 


Shrewsbury.  A.  H. 
Stockman,  G.  D. 
Wilkens.  C.  H. 


Part  IV. — Section  A. 
Twentv-four  candidates  sent  in  their  names,  of  whom  twenty-three 


presented  themselves,  and  eighteen  passed,  namelv 


^Barrett.  C.  C.  C. 
-KBlake.  W.  T.  C. 
tBrown.  B.  G.  H. 
i*Davidson.  A.  R. 
'Edwards,  A.J.  C. 
fGawler,  0. 


fGopp,  J.  I. 
fGranger,  C.  K. 
fLafford,  H.  G. 
fMaddex,  G.  H. 
tMarshall.  A.  W. 
j-Moore,  W.  R. 


tOwen.  1).  J. 
fSavory,  1)  S. 
fTayler.  H.  H. 
t Thompson.  F.  A. 
fWeyer,  D. 
tWoffindin,  R.  H. 


Part  IV. — Section  C. 
One  candidate  presented  himself  for  this  Section  and  passed,  namely 
tMaddex,  G.  H. 


Those  marked  (t)  have  now  completed  tlie  Examination  for  the  Class  of  Fellow. 


By  Order  of  the  Council, 

C.  R.  V.  COUTTS. 

Chairman  of  Board  of  Examiners. 

H.  M.  TROUXCER. 
A.  C.  THORXE, 

■Joint  Honorary  Secretaries. 


7  September  192". 
VOL.  LII. 
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PROCEEDINGS  AT  THE  ANNUAL  GENERAL  MEETING. 

The  Seventy-Third  Annual  General  Meeting  of  the  Institute  of 
Actuaries  was  held  in  Staple  Inn  Hall,  Holborn,  on  Monday,  7  June  1920, 
Mr.  Geoffrey  Marks,  C.B  E.  (President),  in  the  Chair. 

The  President,  in  moving  the  adoption  of  the  report  and  accounts, 
was  glad  to  be  able  to  call  attention  to  the  fact  that  during  the  year  under 
review  the  fall  in  the  membership  had  been  arrested.  He  hoped  that  the 
upward  movement  in  their  numbers  would  now  continue,  and  this  hope  was 
strengthened  by  the  very  large  number  of  probationers  who  had  entered 
during  the  past  year,  amongst  them  being  twelve  women.  The  number  of 
women  who  had  entered  was  not  so  large  as  he  had  expected,  but  he  thought 
it  was  a  sufficient  justification  of  the  action  of  the  Council  and  of  the 
members  in  throwing  open  the  doors  of  the  Institute  to  the  other  sex.  He 
would  refer  very  briefly  to  the  deaths  of  a  few  members  of  the  Institute, 
amongst  them  being  three  of  the  older  members,  Mr.  Adlard,  Mr.  Pearson 
and  Mr.  Coles.  Mr.  Adlard  was  well  known  to  many  of  the  members  of 
the  Institute,  and  he,  like  Mr.  Pearson,  was  one  of  those  older  actuaries  who 
had  always  been  regarded  with  great  respect,  and  in  many  cases  with 
affection,  largel}'  on  account  of  their  personal  qualities  and  their  general 
kindness  to  and  interest  in  the  welfare  of  the  younger  members.  Mr. 
Pearson  was  almost  a  tradition  in  the  Institute ;  he  became  a  member  of  the 
old  Institute  of  Actuaries'  Club  as  far  back  as  1864.  Mr.  Adlard  became 
a  member  of  the  Actuaries'  Club  about  1890,  some  thirty  years  or  more 
ago.  He  had  retired  for  some  time,  but  his  two  sons  would  carry  on  his 
name  and  his  memory.  Mr.  Coles  was  an  actuary  who  left  the  profession 
to  take  up  financial  work,  with  great  success,  but  he  had  always  maintained 
his  interest  in  the  Institute  and  had  devoted  his  financial  experience  to  the 
benefit  of  his  office.  Mr.  Home  was  a  barrister  as  well  as  an  actuary  and 
was  not  well  known  to  the  members  personally,  because  he  practised  in 
Shanghai.  Quite  recently  the  Council  had  received  the  news  of  Mr. 
Townley's  sudden  death,  which  seemed  especially  lamentable  in  view  of  the 
short  interval  which  had  elapsed  since  the  equally  sudden  deaths  of 
Sir  Thomas  Whittaker  and  of  Mr.  Vyvyau  Marr.  He  had  known  Mr. 
Townley  from  a  long  association  personally,  and  he  had  had  a  very  high 
respect  for  his  capacity  :  he  was  one  of  the  sound  men  from  whom  he  hoped 
much,  not  only  because  he  was  thoroughly  qualified  as  an  actuary  but 
because  he  took  a  personal  interest  in  and  studied  questions  outside  the 
immediate  range  of  actuarial  science,  questions  with  which  actuaries  in  their 
practical  work  were  constantly  brought  into  contact.  His  death  was  a  loss 
to  the  profession  both  on  the  professional  and  on  the  business  side,  and  it 
was  greatly  to  be  regretted. 

The  accounts  showed  an  excess  of  expenditure  over  income  of  about  £150. 
a  deficit  which  was  mainly  due  to  the  expenditure  on  the  special  lectures  and 
to  the  fact  that  last  year,  as  on  some  previous  occasions,  the  Institute  had 
undertaken  to  revalue  the  funds  of  the  Royal  Patriotic  Fund  Corporation. 
In  connection  with  the  expenditure  on  the  lectures  he  would  like  to  say  that 
he  thought  the  attendance  was  somewhat  disproportionate  to  the  expense 
which  they  entailed.  He  mentioned  last  year  that  whether  the  lectures 
would  be  continued  or  not  would  depend  on  whether  the  Council  found  that 
sufficient  interest  was  shown  in  them  by  the  members  to  warrant  their 
continuance.  Having  regard  to  the  character  of  the  lectures  and  the 
subjects  with  which  they  dealt,  it  was  doubtful  whether  the  interest  shown 
in  them  afforded  justification  for  their  continuance.    The  Council  was 
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giving  serious  attention  to  the  question  of  the  annual  expenditure, 
particularly  under  the  item  of  the  printing  and  publications  of  the  Institute, 
a  subject  which  had  formed  a  topic  of  discussion  at  several  Council  meetings 
recently,  and  would  come  up  again  at  the  first  Council  meeting  held  after 
that  Annual  Meeting.  It  was  a  serious  matter  and  one  to  which  very  close 
attention  must  be  given.  He  had  nothing  to  sa}T  with  regard  to  the  balance 
sheet  except  to  call  attention  to  the  fact  that  the  assets  which  were  there 
enumerated  had,  since  the  Report  was  printed,  been  realized,  and  the  proceeds 
re-invested  in  short  dated  securities.  That  was  a  course  which  commended 
itself  to  the  Finance  Committee  and  the  Council  as  being  in  some  measure 
a  protection  against  the  constant  depreciation  from  which  the  funds  of  the 
Institute  had  suffered  during  the  last  few  years. 

Quite  recently,  on  the  15th  May,  the  Belgian  Institute  of  Actuaries 
celebrated  the  twenty-fifth  anniversary  of  their  foundation,  and  the  Council, 
feeling  sure  that  it  would  be  the  wish  of  the  members  that  a  cordial  message 
of  goodwill  should  be  sent  to  them,  appointed  a  delegation  which  consisted 
of  Mr.  Woods  (past-president),  Mr.  JBesant  (vice-president)  and  Mr. 
Bearman — who  was  in  Paris — to  attend  the  meeting  and  represent  the 
Institute  and  transmit  to  them  the  following  resolution  :—"  That  the 
"  Council  of  the  Institute  of  Actuaries  desire,  through  their  delegates,  to 
"  express  their  lively  sense  of  the  great  services  which  the  Association  of 
"  Belgian  actuaries  has  rendered  to  actuarial  science  during  the  past  quarter 
"  of  a  century  and  to  wish  the  Association  long  endurance  and  every  success 
"  in  the  future." 

The  public  work  of  the  Institute  continued  to  extend,  and  during  the 
past  year  the  Council  had  been  invited  by  the  Lords  of  the  Treasury  to  give 
assistance  on  actuarial  questions  in  connection  with  the  reparation  clauses 
of  the  Treaty  of  Peace  with  Germany.  The  Council  had  appointed  a 
Committee  to  deal  with  the  matter.  The  Council  had  presented  to  the 
governing  body  of  the  Royal  Patriotic  Fund  Corporation  the  valuation  of 
their  funds  as  at  the  end  of  1918,  and  he  thought  that  one  result  of  that 
valuation  had  been  the  amalgamation  of  certain  of  the  funds,  a  necessity 
which  had  been  impressed  upon  them  almost  every  time  that  the  Council 
had  undertaken  the  valuation.  As  was  well  known,  the  President  of  the 
Institute  was  ex  officio  a  member  of  the  governing  body  of  the  Corporation, 
and  his  predecessors  in  the  past  had  made  a  point  of  the  consolidation  of 
the  smaller  funds,  but  only  now  had  they  been  able  to  influence  the 
Corporation  to  adopt  the  suggestion.  A  Committee  of  the  Council  had 
submitted  its  views  with  regard  to  improvements  in  the  forms  to  be  used 
for  obtaining  information  in  connection  with  the  next  census.  They  were 
asked  to  do  that  for  the  Census  Department,  and  he  thought  that  the  Royal 
Statistical  Society  also  had  appointed  a  Committee  which  made  a  report  very 
much  on  the  same  lines.  It  was  hoped,  therefore,  that  in  the  forthcoming- 
Census  there  might  be  certain  improvements,  both  in  the  form  and  in  the 
presentation  of  statistics,  which  would  make  them  even  more  valuable  than 
in  the  past. 

He  would  like  to  commend  the  Students'  Society,  which  had  resumed  its 
useful  and  manifold  activities,  to  the  notice  of  the  younger  members,  with 
a  view  to  securing  for  it  all  possible  support,  not  only  because  it  was  a 
good  thing  that  young  men  should  be  active  in  the  discussion  of  problems 
that  came  before  them,  but  because  he  believed  it  to  be  a  very  valuable 
training  ground  for  them,  not  only  in  debate  but  also  in  the  practical  views 
which  were  very  necessary  to  success  in  their  future  careers. 

Many  members  of  the  Institute  had  taken  part  in  various  forms  of  public 
work  during  the  past  year  ;  he  did  not  propose  to  refer  to  them  individually, 
but  would  call  attention  to  the  appearance  in  the  Honours  List  of  the  names 
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of  several  members,  particularly  Mr.  Elderton,  Mr.  Falk,  and  Sir  Alfred 
Watson.  He  was  sure  there  was  no  one  in  that  Hall  to  whom  it  was  not  as 
gratifying  as  it  was  to  him  to  be  able  to  congratulate  Sir  Alfred  Watson  on 
the  signal  honour  he  had  earned,  not  only  by  his  personal  capacity  but  by 
his  devotion  to  one  of  the  noblest  aims  of  any  man,  namely,  the  welfare  of 
the  State.  Sir  Alfred  had  been  called  into  consultation  in  a  great  many 
matters  which  had  not,  perhaps,  any  intimate  connection  with  the  work  of 
the  actuary,  but  in  which  his  knowledge  and  tact  had  been  of  very  great 
assistance  to  the  Government. 

Mr.  A.  D.  Bksant,  in  seconding  the  motion,  said  the  President  had 
covered  almost  the  whole  field  in  his  survey  of  the  work  of  the  Institute  during 
the  past  year,  but  there  were  just  one  or  two  points  on  which  he  might  touch. 
The  present  report  was  in  effect  the  first  peace  time  report,  but  it  still 
included  deaths  on  war  service,  and  he  found,  on  examining  the  past  reports, 
that  the  Institute  had  lost  on  war  service  43  of  its  members  and  36  proba- 
tioners. The  visit  of  the  delegation  to  the  Belgian  Institute  was  exceedingly 
interesting.  There  were  delegates  from  Holland,  France,  Sweden  and  other 
countries.  He  thought  a  deep  debt  of  gratitude  was  owing  to  Mr.  Todhunter 
and  Mr.  Spencer,  the  joint  Editors  of  the  Journal,  for  having  throughout 
the  long  period  of  the  war  produced  the  Journal  at  intervals  of  six  months, 
without  fail. 

On  the  motion  of  Mr.  Maunder,  seconded  by  Mr.  Tayler,  Messrs. 
Hazell,  Carment,  and  A.  S.  Sellar  were  elected  Auditors  for  the  ensuing 
year. 

Mr.  Tarn,  in  proposing  a  hearty  vote  of  thanks  to  the  President,  the 
Vice-Presidents,  the  Council  and  the  Officers,  including  the  Assistant 
Secretary,  for  their  services  during  the  past  year,  congratulated  Mr.  Marks 
on  the  fact  that  his  term  of  office  had  been  marked  by  the  declaration  of 
peace,  and  referred  to  the  two  important  events  that  had  occurred  during  the 
past  year,  namely,  the  admission  of  women  to  membership  and  the  resump- 
tion of  the  examinations.  He  was  glad  to  find  that  the  Assistant  Secretary 
was  included  in  the  resolution,  because  everyone  knew  of  his  courtesy  and  the 
great  help  he  gave  to  all  members  of  the  Institute,  especially  the  younger  ones. 

Mr.  Mo  ran  seconded  the  motion,  which  was  carried  unanimously. 

The  President,  in  acknowledging  the  vote,  thanked  the  members  in  his 
name  and  in  that  of  the  Vice-Presidents,  the  Council  and  the  Officers.  He 
would  like  to  add  to  what  Mr.  Tarn  had  said  his  very  hearty  thanks  to  all 
the  officers,  members  of  Council  and  Mr.  Jarvis  for  all  they  had  done  tc  help 
him  during  his  term  of  office.  He  laid  that  office  down  with  great  regret, 
bat  thankful  to  all  for  their  election  of  him  and  for  giving  him  their  support 
during  the  somewhat  trying  time  of  reconstruction.  He  hoped  he  had  done 
nothing  to  dim  the  traditions  of  the  office  and  he  trusted  that  the  same 
support  and  confidence  which  had  been  given  to  him  would  be  extended  to 
his  distinguished  successor. 

A  vote  of  thanks  to  the  Auditors,  Messrs.  Humphry,  Hazell  and  Carment, 
for  their  services  during  the  past  year  was  carried  unanimously. 

Election  of  Officers. 

The  report  having  been  unanimous!}'  adopted,  a  ballot  was  taken 
for  the  election  of  new  members  of  the  Council.  The  President  subsequently 
announced  that  the  Officers  and  Council  for  the  ensuing  year  would  be  as 
follows : 

President. 

Sir  Alfred  William  Watson,  K.C.B. 
Vice-Presidents. 

Sir  Joseph  Burn,  K.B.E.  I    Abraham  Lbvine,  M.A. 

James  Douglas  Watson.  William  Palin  Elderton,C. B. K. 
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Council. 

Samuel  John  Henry  Wallis         Henry  Edwaiid  Melville. 

Allin,  C.B.E.  *Henkt  John  Percy  Oakley,  M.C. 

Herbert  Henry  Austin.  *William  Penman. 

Henry  James  Baker.  William  Peyton  Phelps.  M.A. 

*Arthur  Rhys  Baekand,  M.P.         William  Charles  Sharman. 

Sir  Joseph  Burn,  K.B.E.  *Frank  Percy  Symmons. 

Louis  Ernest  Clinton.  Alfred  Charles  Thobne. 

William  PalinEldkrton, C.B.E.  Harold  Moltke  Trounces,  M.A. 
*  Alfred  Henry.  Samuel  George  Warner. 

Lewis  Frederick  Hoyil.  Sir  Alfred   William  Watson, 

Charles  William  Kenchington.  K.C.B. 

Abraham  Levine.  M  A.  .Iames  Douglas  Watson. 

George  James  Lidstone.  F.K.S.E.      Arthur  Thomas  Winter. 

Harold  Edyyard  William  Lutt.      Ernest  Woods. 

Geoffrey  Marks,  C.B.E.  William  Arthur  Workman. 

Reginald  George  Maudlin g. 

*  Not  Members  of  the  last  Council. 

Treasurer. 
Louis  Frederick  Hoyil. 

Honorary  Secretaries. 
Harold  Moltke  Trouncer,  M.A.    j    Alfred  Charles  Thorn  k. 

Mr.  Marks  then  vacated  the  chair,  which  was  taken,  amidst  great 
applause,  by  Sir  Alfred  Watson,  who  said  it  was  impossible  for  him  to 
rind  other  words  than  those  which  had  been  used  by  a  long  succession  of  his 
distinguished  predecessors  in  thanking  the  Institute  for  the  honour  which 
it  had  conferred  upon  him.  It  was  a  proud  moment  in  the  life  of  any 
professional  man  when  he  reached  the  headship  of  his  professional  body,  and 
he  apprehended  that  if  he  was  properly  constituted  his  accession  to  office 
must  be  accompanied,  not  only  by  a  deep  sense  of  humility  in  surveying  the 
tasks  that  lay  before  him  and  the  responsibilities  which  he  had  undertaken, 
but  also  by  a  high  sense  of  resolve  that  he  would  do  that  which  in  him  lay 
to  justify  the  choice  which  his  professional  associates  had  made.  That  was 
his  profound  and  sincere  feeling,  and  it  was  with  those  thoughts  uppermost 
in  his  mind  that  he  thanked  the  members  most  sincerely  for  the  endorsement 
they  had  just  given  of  the  choice  made  by  Council  in  electing  him  to  the 
presidential  chair.  He  would  like  further  to  say  oue  word  with  regard  to 
a  matter  to  which  Mr.  Marks  had  been  good  enough  to  refer.  He  did  feel  a 
sense  of  profound  pleasure  and  satisfaction  in  the  honour  which  it  had 
pleased  His  Majesty  to  confer  upon  him,  and  with  no  sense  of  false  modesty 
would  he  attempt  to  decry  the  satisfaction  which  he  felt.  But  he  also  felt — 
and  those  who  knew  him  best  would  realise  how  sincere  he  was — deep 
satisfaction  in  that  it  had  fallen  to  his  lot  to  raise  to  a  certain  status  in  the 
Civil  Service  the  office  which  he  held,  and  which  he  held  in  trust,  as  the  first 
occupant,  for  those  who  would  follow  him.  It  was  very  largely  from  that 
point  of  view  and  from  the  point  of  view  of  the  profession  that  he  felt  such 
profound  satisfaction  in  the  honour  that  had  just  been  given  to  him.  Such 
else  as  he  had  to  say — and  there  might  be  a  good  deal — he  would  reserve 
until  November,  except  one  point.  Remarkable  figures  had  been  read  out 
by  Mr.  Besant  as  to  the  number  of  members  killed  in  action.  Seventy- 
nine  members  or  probationers  of  the  Institute  had  died.  Out  of  a  body  of 
about  twelve  hundred,  many  of  whom  were  above  military  age  and 
large  numbers  of  whom  were  kept  on  their  civilian  duties  by  the  exigencies 
of  the  time,  that  was  a  remarkable  proportion,  and  testified  to  the  manner 
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ill  which  such  a  small  professional  body  had  done  its  share  in  bringing  about 
the  position  of  security  in  which  we  could  all  conduct  our  daily  business. 
Those  men  who  went  to  the  war  did  their  duty  nobly,  and  the  price  that  the 
Institute  had  paid  had  been  very  heavy.  A  high  ideal  of  duty  had  been  set, 
and  he  thought  he  could  promise  for  the  incoming  Council  that  no  steps 
should  be  left  untaken  on  their  part  to  live  up  to  that  ideal  and  to  do  their 
best  to  discharge  the  trust  committed  into  their  hands.  In  conclusion,  he 
would  remind  the  members  of  what  Mr.  Marks  could  not  say  himself,  but 
what  certainly  had  to  be  said —that  during  Mr.  Marks's  term  of  office  he 
had  upheld  the  high  traditions  of  the  presidency  in  a  very  conspicuous 
manner.  He  had  been  called  upon  to  discharge  many  public  duties  and  had 
created  what  was  a  record  for  the  Institute  and  probably  for  the  head  of 
any  profession,  in  that  during  his  period  of  service  as  President  he  had 
served  with  great  industry  and  ability  on  two  Royal  Commissions.  That 
was  a  fact  of  which  the  Institute  was  entitled  to  be  very  proud. 
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The  following  works  have  been  added  to  the  Library  since 
the  publication  of  the  Journal  for  October  1919  : 

By  whom  presented 
{whan  not  purchased). 

The  Society. 


Life 


Accountants  and  Auditors,  Society  of. 

List  of  Members,  etc.,  1920. 

Actuarial  Society  of  America. 
Transactions,  1919. 

Containing,  inter  alia — 

"Taxation — especially  in   its   beai'ing  on 

Assurance",  by  H.  Moir. 
"Should  the  'American  Men'  Mortality  Table 

(A.M.)   be    the    basis   for    Premiums  and 

Reserves  ",  by  A.  Hunter. 
"Heart  Murmurs.  Their  influence  on  Mortality", 

by  Dr.  O.  H.  Rogers  and  A.  Hunter. 
"  Gain  and  Loss  on  Annuity  business  ",  by  J.  W. 

Tebbetts. 

"  Formulae  used  by  various  companies  in  computing 
the  expected  mortality  on  net  amouut  at 
risk  ",  by  E.  G.  Fassel. 

"The  Influenza  Epidemic  of  1918",  by  J.  P. 
Craig  and  Dr.  L.  I.  Dublin. 

"  Principles  involved  in  comparing  Mortality 
Tables,  with  application  to  certain  modern 
tables  and  to  historical  survey  of  Connecticut 
Mutual  Ultimate  Mortality",  by  H.  J.  B. 
Rice. 


Actuaries,  Faculty  of. 

Transactions,  1918 


-1920. 


Containing,  inter  alia — 

"  An  analysis  of  the  Profit  from  Endowment 
Assurance  and  Whole  Life  Policies",  by 
W.  A.  Robertson  and  A.  G.  R.  Brown. 

"Inaugural  Address",  by  Dr.  A.  E.  Sprague. 

"The  Selection  of  Lives",  by  L.  P.  Orr. 


The  Society. 


The  Factdiu. 


1920.1 
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Actuarial  Society  of  New  South  Wales. 

Proceedings,  1918. 

Actuarial  Society  of  Scandinavia. 

Transactions,  1919-20. 

American  Mathematical  Society. 
Transactions,  1919-20. 

American  Statistical  Association. 
Transactions,  1919-20. 

Archer  (J.  A.). 

Tables  for  the  repayment  of  Loans,  etc.  5th  edit.  / 
La.  Svo.    1919.  > 

Association  des  Actuaires  Beiges. 

Bulletin  of  the. 

Association  of  Life  Insurance  Medical  Directors  of  America. 

Abstract  of  Proceedings,  1917-18,  1919-20. 

••  Bioinetrika." 

Vol.  XII,  Parts  III  and  IV. 
Containing,  inter  alia — 

"On  the  mathematical  expectation  of  the 
moments  of  Frequency  Distribution ",  by 
A.  A.  Tchouproff. 
u  On  generalised  Tchebycheff  theorems  in  the 
mathematical  theory  of  Statistics",  by 
Prof.  Karl  Pearson. 
"  On  the  degree  of  perfection  of  Hierarchical 
Order  among  correlation  coefficients  '*,  Vy 
Dr.  Gr.  H.  Thomson. 

Blaschke  (Dr.  E.). 

Die  Ausgleichung   von   Absterbeordnuugen   aus  der 
Bevolkerungsstatistik.    4to.    Wien.  1917. 

Brussels. 

Compte  Rendu  des  Operations  et  de  la  Situation  de  la  } 
Caisse  Generale  d'Epargne  et  de  Retraite,  1913,  > 
19L4.  ) 

Cannan  (E.). 

The  Paper  Pound  of  1797-1821.    A  reprint  of  the  , 
Bullion  Report.    Svo.    1919.  ) 

Carnegie  Foundation  for  the  Advancement  of  Teaching. 

Fourteenth  Annual  Report  of  the  President  and  of  ) 
the  Treasurer.    4to.    Boston,  Mass.    1919.  J 

Casualty  Actuarial  and  Statistical  Society  of  America. 

Proceedings,  1919. 
Containing,  inter  alia — 

"On  the  graduation  of  Frequency  Distributions"', 
by  H.  C.  Carver. 

Chalmers  (E.). 

A  History  of  Currencv  in  the  British  Colonies.  Svo.  "> 
1893. 


By  whom  presented 
(when  not  purchased). 


The  Society. 
The  Society. 
The  Society. 
The  Association . 

The  Publishers. 

The  Association . 
The  Association. 
Purchased . 


The  Author. 


The  Belgian 
Government. 


Purchased . 


G.  J.  Lid  stone. 


The  Society. 


Purchased . 
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Chartered  Insurance  Institute,  Journal  of  the. 
Vol.  XXII.    8vo.  1919. 

Denmark. 

Beretning  fra  Forsikringsraadet  for  aaret  1919. 


By  whom  presented 
(when  not  purchased). 


Deutscher  Verein  fur  Versicherungs-Wissenschaft. 

Zeitschrif  t  fur  die  gesamte  Versicherungs-Wissenschaft.  ) 
1914-1920.  ) 

Dbring  (C). 

Die    Bevolkerungsbewegung    in    Weltkreig.       8vo.  ^ 
Copenhagen.    1919-20.'  3 

Economic  Society  (Royal). 

Journal  of  the,  1919-20. 

Eugenics  Lecture  Series. 

XI.  National  Life  from  the  standpoint  of  Science,  by 
Prof.  Karl  Pearson.    Sm.  8vo.  1905. 

XII.  The  Function  of  Science  in  the  modern  State,  by  \ 
Prof.  Karl  Pearson.    Sm.  8vo.    1919.  J 

France. 

Receuil  de  Documents  relatifs  aux  Assurances  sur  la 
vie.  Sixieme  Rapport  sur  le  functionnement  du 
controle  des  Societes  d'assurance  sur  la  vie  et  des 
Societes  de  Capitalisation  pendant  les  annees  .1912 
and  1913.    8vo.    Paris,  1920. 

Receuil  de  Documents  relatifs  aux  Assurances  sur  la 
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Dp,  SPRAGUE  remained  in  complete  retirement  from  all 
matters  actuarial  for  fully  twenty  years  before  his  death,  and 
it  is  therefore  difficult  for  the  present  generation  to  realize  how 
unrivalled  was  his  supremacy  forty  to  sixty  years  ago.  The 
young  men  of  those  distant  days  stood  afar  off  and  worshipped  ; 
and  yet  he  was  very  approachable  and  considerate,  and  helpful 
to  any  who  sought  his  assistance  or  advice.  Once  a  friend  he 
was  always  a  friend,  and  generous  in  all  his  thoughts,  and  words, 
and  deeds.  In  his  private  affairs  it  was  the  same,  and  for  many 
years  he  was  liberal  with  his  means  in  giving  assistance  to 
deserving  cases  which  came  under  his  notice.  There  are  not 
a  few  now  in  comfortable  circumstances  who  have  to  thank 
him  for  setting  them  on  their  feet  in  times  of  financial  stress, 
and  thus  enabling  them  to  make  a  success  instead  of  a  failure 
of  their  lives. 

Dr.  Sprague  was  a  man  of  action,   whose   actions  were 
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governed  by  theories  formed  after  viewing  the  questions 
impartially,  from  various  sides,  and  which  were  then  tested 
practically,  and  proved  to  be  sound.  He  possessed  a  great 
intellect,  almost  irresistible  force  of  character,  and  unwearying 
industry,  all  combined  with  straightforward  honesty  of  purpose, 
and  candour  in  everything  he  said,  or  wrote,  or  did  ;  and  he 
had  complete  self-confidence,  without  self-conceit  or  undue 
self-esteem.  He  formed  strong  opinions,  which  he  maintained 
with  outspoken  vigour  against  all  opponents  ;  but  he  was  always 
willing  to  reconsider  these  opinions  when  necessity  arose  as  a 
result  of  further  investigations ;  and,  when  convinced  that 
to  change  an  opinion  was  the  right  thing  to  do,  he  frankly 
acknowledged  the  change,  and  was  ready  to  state  the  reason 
why.  It  must  be  admitted,  however,  that  he  was  sometimes 
xugged,  and  a  little  aggressive,  and  not  always  easy  to  get  on 
with  ;  and  his  earnestness  led  him  on  rare  occasions  to  be  perhaps 
over- vehement  in  his  expressions.  He  had  no  thought  of  being 
personally  discourteous,  or  of  hurting  the  susceptibilities  of 
those  to  whom  he  was  for  the  moment  in  opposition.  The 
opinions  were  attacked,  and  not  the  persons.  These  characteristics 
come  out  clearly  in  his  voluminous  writings,  and  more 
particularly  in  his  Presidential  Addresses. 

During  his  long  connection  with  the  Institute  of  Actuaries 
he  was  to  a  large  extent  its  guiding  spirit,  and  he  did  much  to 
mould  its  destinies,  and  to  bring  it  up  to  its  present  position  of 
world-wide  influence.  In  saying  this,  however,  we  cannot  forget 
the  services  in  the  same  direction  of  many  other  eminent  men, 
whom  we  have  always  been  proud  to  honour  ;  and,  if  any  one 
of  these  should  be  individually  mentioned,  he  is  Charles  Jellicoe, 
the  second  President,  and  the  first  Editor  of  the  Journal,  of 
whom  Dr.  Sprague  himself  said  in  his  first  Presidential  Address, 
that  the  Institute  and  the  profession  owed  more  to  him  than  to 
any  other  single  person. 

In  preparing  this  memoir,  an  effort  has  been  made,  not  so 
much  to  review  Dr.  Sprague's  writings,  as  to  educe  from  them 
his  character,  and  to  make  the  man  stand  forth  as  he  was,  so 
that  even  those  may  see  him  who  never  had  the  privilege  of 
meeting  him,  and  of  associating  with  him  :  but  the  task  has 
not  been  an  easy  one. 

Thomas  Bond  Sprague  was  born  on  29  March  1830,  and 
was  the  eldest  son  of  Thomas  Sprague  of  London,  wholesale 
stationer.    He  was  educated  at  Tarvin  Hall,  a  private  school 
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near  Chester,  under  the  Head  Mastership  of  Dr.  John  Brindlev. 
While  at  school,  he  distinguished  himself  so  much  in  mathematics 
that  Dr.  Brindlev  advised  his  father  to  send  him  to  Cambridge, 
and  he  accordingly  entered  St.  John's  College  as  a  Sizar.  At 
the  end  of  his  first  year  he  became  a  Proper  Sizar,  and  in 
consequence  of  the  excellent  places  he  took  in  the  College 
examinations,  he  became  in  due  course  a  Scholar. 

In  1853  he  achieved  the  highest  academic  honours  possible  in 
mathematics,  being  Senior  Wrangler  and  First  Smith's 
Prizeman  ;  and  in  the  same  year  he  was  elected  a  Fellow  of 
St.  John's  College,  and  appointed  one  of  the  College  Lecturers. 
About  this  time  he  also  qualified  in  law  and  was  called  to  the 
bar.  having  in  view  the  law  as  his  future  profession.  But  he 
became  engaged  to  be  married  ;  and.  progress  in  the  law  being  slow, 
he  sought  a  career  which  would  be  more  immediately  remunerative. 
He  selected  Life  Assurance  ;  and  entered  the  Eagle  Insurance 
Company  in  1855  as  a  pupil  of  the  late  Charles  Jellicoe.  and  thus 
became  one  of  the  distinguished  group  who.  in  after  life,  achieved 
great  success. 

After  holding  some  minor  appointments.  Dr.  Sprague  was. 
for  a  short  time.  Actuary  of  the  then  Liverpool  and  London 
Assurance  Company,  until  in  1861  he  was  appointed,  at  the  age 
of  31.  Actuary  and  Secretary  of  the  Equity  and  Law  Life 
Assurance  Society,  with  which  society  he  remained  for  twelve 
years.  In  1873  the  management  of  the  Scottish  Equitable 
Life  Office  became  vacant,  and  the  Directors  sent  a  deputation 
to  London  to  choose  a  manager  ;  and.  after  careful  consideration, 
they  offered  the  post  to  Dr.  Sprague.  who  accepted  it.  This 
involved  his  removal  to  Edinburgh,  but  it  did  not  diminish  his 
interest  in  the  Institute  of  Actuaries,  and  he  was  very  frequently 
in  London  to  give  his  time  and  attention  to  Institute  matters. 
In  1900,  after  being  manager  of  the  Scottish  Equitable  for 
twenty-seven  years,  he  finally  retired  from  active  business  life. 

In  1893  the  University  of  Aberdeen  conferred  on  him  the 
degree  of  LL.D.,  the  diploma  being  dated  the  6th  of  April  of  that 
year.  Hence,  in  this  memoir,  the  name  and  title  "  Dr.  Sprague  " 
are  used  throughout,  for  the  sake  of  uniformity,  and  also  because 
that  designation  is  more  familiar  to  the  present  generation  of 
actuaries. 

Dr.  Sprague  was  elected  Associate  of  the  Institute  of 
Actuaries  on  25  February  1856.  and  was  not  long  in  giving 
evidence  of  his  energies.    His  first  paper,  under  date  October 
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1856,  is  to  be  found  in  the  Institute  Journal,  vol.  vi,  and  is 
a  short  one  on  a  certain  method  of  distributing  surplus.  He 
was  elected  a  Fellow  of  the  Institute  on  30  November  1857,  and 
within  a  few  months  he  contributed  his  second  paper,  dated 
July  1858,  on  the  Terms  upon  which  the  Business  of  one  Insurance 
Company  may  be  equitably  transferred  to  another.  That 
paper  appears  in  vol.  vii  of  the  Journal,  and  on  subsequent 
occasions,  when  the  failures  of  the  Albert  and  of  the  European, 
in  1869  and  1872  respectively,  had  brought  the  question  into 
prominence,  he  wrote  other  papers  on  analogous  subjects. 

Dr.  Sprague  was  elected  to  the  Council  of  the  Institute  for 
the  first  time  in  1863,  and  he  remained  a  member  without  break 
until  his  final  retirement  from  business  in  1900,  a  total  period  of 
thirty-eight  years,  which  is  a  record.  He  became  Editor  of  the 
Journal  of  the  Institute  in  1867,  succeeding  his  former  chief, 
Mr.  Charles  Jellicoe,  who  was  the  first  Editor  ;  and  he  retired 
from  the  editorship  in  1883,  having  occupied  the  post  for  over 
sixteen  years.  The  volumes  of  the  Journal  published  during  his 
editorship  bear  witness  to  his  activity  and  zeal.  Before  retiring 
from  the  editorship,  he  prepared  the  index  of  the  first  twenty 
volumes  of  the  Journal. 

Dr.  Sprague  was  elected  President  of  the  Institute,  the 
eighth  President,  in  1882,  and  occupied  the  presidential  chair 
for  four  eventful  years,  as,  during  his  Presidency,  the  Institute 
received  its  Charter.  In  1874  he  was  elected  Fellow  of  the 
Faculty  of  Actuaries  in  Scotland,  and  was  President  from  1894 
to  1896.  No  one  else  has  occupied  the  Presidential  chairs  of 
both  the  Institute  and  the  Faculty.  He  was  also  President  of 
the  Actuarial  Society  of  Edinburgh  on  three  occasions,  1874, 
1882  and  1891.  That  Society  was  dissolved  in  1901,  its  functions 
being  taken  over  by  the  Faculty. 

Dr.  Sprague's  unwearying  devotion  to  the  Institute  of 
Actuaries,  as  embodying  his  own  high  ideals,  comes  out  clearly 
in  his  first  Presidential  Address,  delivered  on  27  November  1882 
(J. I. A.,  vol.  xxiv,  p.  1).  There  is  nothing  selfish  in  it,  but,  on  the 
contrary,  an  earnest  striving  for  the  raising  of  the  status  of 
the  profession,  and,  through  the  profession,  for  the  good  of  the 
world  at  large.  The  address  consists,  for  the  most  part,  of  a 
brief  but  comprehensive  history  of  the  Institute  from  the 
preliminary  discussions  and  meetings,  which  took  place  early  in 
1848,  and  its  establishment  by  formal  resolution  adopted  on 
8  July  1848,  until  the  time  that  Dr.  Sprague  was  speaking,  on 
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the  eve  of  the  granting  of  the  Charter.  That  history  is  well 
worthy  of  study  even  at  the  present  day. 

There  were  great  difficulties  in  starting  the  Institute  on 
account  of  the  opposition  of  a  small  minority  of  influential  and 
respected  men,  who  seem  to  have  thought  that  professional 
matters  should  be  kept  private,  and  that  publicity  would  be 
injurious  to  the  members  of  the  profession,  by  stimulating  undue 
competition  from  outside  quarters.  It  was  through  these  men 
that  the  long  delay  arose  in  the  granting  of  the  Charter,  but  on 
this  point  Dr.  Sprague  says  that,  on  the  whole,  in  his  opinion  the 
delay  had  been  beneficial,  because  the  Institute  had  thus  been 
left  for  a  period  of  thirty-four  years  to  develop  itself  by  its  own 
resources,  without  any  external  aid  or  encouragement,  and  had 
thus  attained  to  a  high  and  influential  position. 

Dr.  Sprague  looked  upon  the  educational  facilities  provided 
by  the  Institute  for  its  young  members  as  one  of  its  most  important 
functions.  He  thought  that  all  the  young  men  connected  with 
life  assurance  should  be  trained  in  the  scientific  department, 
although  they  could  not  all  secure  high  appointments.  Even 
without  such  high  appointments  they  might  be  very  useful 
members  of  the  profession  ;  and,  should  they  drift  away  from  it 
to  obtain  posts  elsewhere,  their  actuarial  training  would  always 
be  a  great  asset.  It  was,  however,  to  the  encouragement  of 
publicity  that  Dr.  Sprague  attached  the  most  importance,  and 
he  had  no  fear  of  competition.    On  this  point  he  said  : 

"  Very  much  in  consequence,  I  believe,  of  the  teaching  and 
example  of  the  leading  members  of  the  Institute,  it  has  become 
much  more  the  practice  for  actuaries  to  work  in  the  light  of 
day,  and  to  explain  fully  their  processes,  and  the  reasons  which 
influence  them.  In  the  olden  time  I  believe  it  was  the  custom 
for  actuaries  to  conceal  their  methods,  or  only  to  reveal  them  to 
their  most  favoured  pupils  ;  and,  if  an  actuary  had  constructed 
a  private  mortality  table,  this  was  perhaps  the  most  valued 
part  of  his  stock-in-trade.  These  ideas,  I  think,  may  be  fairly 
said  to  be  now  quite  out  of  date." 

He  adopted  with  high  approval  the  opinions  given  by  others 
in  the  very  early  days  of  the  Institute.  For  instance,  he  quoted 
the  late  Mr.  Peter  Hardy,  the  father  of  the  late  Mr.  K.  P.  Hardy 
who  was  a  friend  of  so  many  of  us,  as  saying  : 

"  The  Institute  was  not  originated  in  any  selfish  feeling  of 
professional  vanity.  Its  founders  took  no  counsel  together 
how  to  narrow  the  access  to  our  profession,  or  how  to  exclude 
other  competitors  than  ourselves  from  a  fair  share  of  its  honours 
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or  emoluments.  It  was  originated  with  a  far  higher,  a  far  nobler 
motive,  in  the  honest  hope  of  educating  the  future  actuary,  of 
improving  among  ourselves  our  present  theories,  and  of  enlarging 
the  bounds  of  that  science  on  which  the  safety  of  so  man}^ 
millions  sterling  depends,  and  in  which  the  social  happiness  of 
so  many  thousand  families  is  involved." 

i\lso,  he  welcomed  appreciation  from  actuaries  of  other  countries, 
and  quoted,  as  follows,  the  late  Mons.  E.  Maas,  Manager  of  the 
"  Union  "  Company  of  Paris,  a  Corresponding  Member  : 

"  A  few  years  ago  men  engaged  in  the  same  pursuits  were 
envious  of  each  other,  and  endeavoured  to  conceal  all  that 
could  afford  any  improvement  to  their  competitors.  The 
English  people,  moved  by  a  nobler  spirit,  did  not  fear  to  exhibit 
to  all  mankind  the  treasures  of  their  industry,  so  that  everyone 
might  profit  by  their  example,  and  take  advantage  in  imitating 
them.  The  same  feeling  induced  the  Institute  of  Actuaries  to 
convene  the  actuaries  of  all  nations  on  the  native  ground  of 
insurance,  to  participate  in  the  discoveries  of  their  science  and 
the  results  of  their  experience." 

Dr.  Sprague  himself  followed  the  practice  which  he 
inculcated,  and  many  volumes  of  the  Journal  contain  the  papers 
in  which,  whenever  he  discovered  or  worked  out  anything  that 
he  thought  would  be  useful  to  others,  he  gave  full  details,  and 
kept  nothing  back  for  his  own  private  advantage. 

The  first  great  work  of  the  Institute  in  which  Dr.  Sprague 
took  part  was  the  preparation  of  what  are  now  known  as  the 
Institute  of  Actuaries'  Life  Tables.  On  14  January  1862,  the 
Council  of  the  Institute  of  Actuaries  appointed  the  following 
six  gentlemen  a  Committee  to  carry  through  the  investigations  : 
Messrs.  A.  H.  Bailey,  Archibald  Day,  W.  B.  Hodge,  Charles 
Jellicoe,  T.  B.  Sprague,  and  Eobert  Tucker ;  and,  after 
correspondence,  the  Managers  and  Actuaries  in  Scotland 
appointed  six  to  co-operate  with  the  London  Committee.  They 
were  Messrs.  David  Chisholm,  John  M.  McCandlish,  James 
Meikle,  Samuel  Raleigh,  Alexander  G.  Ramsay,  and  William 
Smith.  To  the  name  of  each  of  these  twelve  gentlemen  we  must 
now  prefix  the  words  "  the  late  Dr.  Sprague  being  the  last  of 
them  to  pass  away. 

The  experience  was  that  of  twenty  Offices,  and  was  published 
in  1869,  and  at  the  Annual  Meeting  of  the  Institute  on  5  June  of 
that  year,  Mr.  Samuel  Brown,  the  then  President,  submitted  an 
early  copy  of  the  volume  of  Experience,  and,  in  doing  so, 
specially  referred  to  Dr.  Sprague,  and  to  Dr.  Sprague  only,  for 
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his  efficient  help  in  preparing  the  experience.  At  the  same 
time  he  announced  that  a  scheme  of  notation  was  being  prepared 
br  the  Council  for  general  use.  and  again  he  mentioned  Dr.  Sprague, 
and  Dr.  Sprague  only,  as  having  given  exceptionally  valuable 
help.  That  scheme  of  notation  was  published  in  the  volume  of 
monetary  tables  based  upon  the  experience,  and  has  since,  with 
extensions,  been  adopted  by  resolutions  of  International 
Actuarial  Congresses  as  the  notation  to  be  used  throughout  the 
world.  The  volume  of  subsidiary  and  monetary  tables  was 
published  in  1872.  the  life  tables  having  been  graduated  by 
Mr.  AYoolhouse,  and  the  subsidiary  and  monetary  tables  having 
been  calculated  by  Mr.  Peter  Gray,  whose  name  at  that  time 
was  a  household  word  among  Actuaries. 

The  Albert  failed  on  13  August  1869.  and  the  European  on 
12  January  1872  ;  but,  for  some  time  before  even  the  failure  of 
the  Albert,  there  had  been  ominous  premonitions  that  the 
catastrophes  were  impending,  and  bills  were  introduced  into 
Parliament  whereby  the  promoters  hoped  to  make  such  disasters 
impossible  for  the  future.  The  Council  of  the  Institute  took  a 
very  active  interest,  and  put  forth  strenuous  efforts  to  guide  the 
legislation  in  the  right  direction.  The  first  bill  was  crude,  and 
would  have  done  more  harm  than  good.  The  watchword  of 
the  Institute  was  "  Liberty  with  Publicity  " :  no  interference 
by  the  State,  but,  instead,  the  publication  in  respect  of  each 
Company  of  summaries  of  its  business,  of  the  particulars  for 
valuation,  and  of  the  principles  followed,  sufficient  to  enable 
outside  actuaries  to  judge  as  to  its  real  position.  The  result 
was  the  Act,  passed  on  9  August  1870,  which,  by  general  consent, 
is  held  to  have  worked  well,  and  which  has  now  been  superseded 
by  the  Act  of  1909  on  very  similar  but  somewhat  extended 
lines  as  regards  Life  Insurance,  but  which  also  provides  for 
Insurance  business  of  all  other  classes. 

Dr.  Sprague  was  one  of  the  foremost  advocates  of  Liberty 
with  Publicity,  and  on  25  April  1870.  when  the  Bill  was  before 
Parliament,  he  read  a  paper  (J.I. A.,  vol.  xv.  p.  411)  on  "  The 
"  Proper  Method  of  Estimating  the  Liability  of  a  Life  Insurance 
"  Company."'  At  that  time  there  were  influential  advocates  of 
legislation  to  impose  on  the  Companies  a  strict  net  premium 
valuation,  and  to  set  up  a  standard  of  solvency  ;  but  against 
both  of  these  suggestions  Dr.  Sprague  took  a  firm  stand,  and  in 
the  paper  above  referred  to  he  said  regarding  valuations  : 
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"  In  valuing  by  the  net-premium  method,  the  supposition  is 
tacitly  made  that  the  expenses  chargeable  to  a  policy  are  equally 
spread  over  its  existence.  But  this  is  very  far  indeed  from  the 
truth,  as  the  expenses  incurred  in  the  first  year  of  the  policy's 
existence  far  exceed  those  of  subsequent  years.  Indeed,  by  far 
the  greatest  part  of  the  expenses  of  every  Life  Insurance  Company 
are  chargeable  to  the  new  business — in  particular,  all  advertising, 
inspection  of  agencies,  and  medical  fees,  and  a  considerable 
proportion  of  the  postage,  directors'  fees,  salaries,  and  office 
expenses.  For  if  a  company  decided,  as  some  have  done,  on 
working  out  the  existing  business,  on  taking  no  new  business, 
and  closed  its  doors  with  the  intention  of  working  out  the 
existing  business  as  economically  as  possible,  it  is  obvious  that 
the  expenses,  exclusive  of  the  commission,  might  be  reduced  to 
a  very  trifling  sum.  This  reduced  sum,  or  at  all  events  such  a 
sum  as  an  established  company  would  undertake  to  conduct  the 
business  for,  is  all  that  should  be  charged  to  the  old  business. 

If  we  keep  these  considerations  steadily  in  view,  we  shall 
see  that  the  only  case  in  which  the  net-premium  method  of 
valuation  can  be  expected  to  lead  to  satisfactory  results  is  when, 
from  the  magnitude  of  the  business  transacted,  or  other  causes, 
the  total  expense  of  conducting  the  business,  irrespective  of 
commission,  amounts  only  to  a  small  percentage  of  the  premiums. 
In  all  other  cases  we  must  seek  for  some  other  rule." 

He  returned  to  this  point,  after  fifteen  years'  experience  of  the 
Act,  in  his  fourth  Presidential  Address,  delivered  on 
30  November  1885  (J.I.A.,  vol.  xxv,  p.  293).    There  he  said  : 

"  The  theoretical  expression  for  the  value  of  a  policy  takes 
no  account  of  expenses  of  management ;  and  in  adopting  this 
formula  as  the  basis  of  the  valuation  of  a  company,  it  is  assumed 
that  the  expenses  are  in  every  case  less  than  the  uniform  loading- 
added  to  the  uniform  annual  net  premium.  This  is  an 
assumption,  however,  which  is  not  justified  by  the  facts,  both  as 
regards  the  total  business  of  most  young  companies,  and  as 
regards  the  new  business  of  most  old  companies.  It  is  therefore 
necessary,  in  order  to  get  an  appropriate  formula  to  introduce 
into  our  calculations  the  amount  of  expense  at  which  the  new 
business  is  obtained  ;  and  thus,  for.  old  and  young  companies 
alike,  we  conclude  that  the  proper  reserve  to  be  made  for  the 
liabilities  is  less  than  that  given  by  the  ordinary  net-premium 
method  of  valuation." 

There  is  nothing  in  the  Act  of  1870  about  a  standard  of 
solvency,  but  Dr.  Sprague  took  up  this  question  in  a  paper 
on  Legislation  as  to  Life  Insurance  and  Life  Insurance  Companies, 
read  on  28  November  1870,  just  after  the  Act  had  been  passed 
(J. LA.,  vol.  xvi,  p.  77).    He  there  maintained  : 
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"  Firstly :  That  no  legislative  enactments  whatever  can 
succeed  in  absolutely  securing  the  solvency  of  Life  Insurance 
Companies. 

"  Secondly  :  That  even  if  this  could  be  done,  it  would  be 
highly  undesirable  that  it  should  be  attempted." 

He  supported  these  two  propositions  by  lengthy  and  cogent 
reasoning,  and  summed  up  by  saying  : 

"  It  is  impossible  to  say  that  one  particular  estimate  of  the 
value  of  the  liabilities  is  right,  and  all  others  wrong.  It  is  of 
course  easy  to  find  limits  above  and  below  which  difference  of 
opinion  ceases,  so  that  if  a  Company  with  known  liabilities 
possesses  a  certain  amount  of  assets,  all  actuaries  will  agree  in 
saying  that  it  is  solvent,  while  on  the  other  hand  if  it  possesses 
less  than  a  certain  other  amount  of  assets,  all  actuaries  will 
agree  in  saying  that  it  is  insolvent.  But,  these  limits  would 
be  very  wide  ;  and  if  the  Company  possesses  an  intermediate 
amount  of  assets,  probably  some  actuaries  will  say  that  in  their 
opinion  it  is  solvent,  while  others  will  say  that  in  their  opinion 
it  is  insolvent.  The  conclusion  we  arrive  at  therefore  is,  that 
the  solvency  of  Life  Insurance  Companies  being  so  much  a 
matter  of  opinion,  the  Government  cannot  with  propriety 
attempt  to  decide  the  question  by  laying  down  a  legal  standard 
of  solvency." 

This  may  be  thought  to  be  ancient  history,  but  even  ancient 
history  has  sometimes  a  tendency  to  repeat  itself  :  and  we  can 
see  from  what  Dr.  Sprague  did  in  1870,  and  from  what  he  wrote 
on  the  subject  in  the  Journal  at  the  time,  that  he  would  have 
ever  been  on  the  alert,  and  that  he  would  at  all  times  have  put 
forth  all  his  powers  to  oppose  legislation  involving  government 
control  of  Insurance  Companies,  any  standard  of  valuation,  and 
more  particularly  any  standard  of  solvency. 

He  would  have  maintained  that  vigilance  is  imperative,  but 
he  would  not  have  resisted  all  legislation.  From  his  writings  we 
know  that  he  thought  the  Act  of  1870  might  have  been  carried 
further  with  advantage,  and  at  the  present  day  it  is  very  likely 
he  would  have  said,  for  instance,  that  it  is  quite  proper  to  give 
wider  powers  to  the  Board  of  Trade  than  it  possesses,  but  that 
the  powers  to  be  granted  must  be  minutely  scrutinized. 

It  has  already  been  mentioned  that,  on  account  of  the 
opposition  of  influential  men.  who  had  formed  themselves  into 
the  then  Actuaries'  Club,  there  had  been  interminable  delays  in 
securing  a  Charter  for  the  Institute.  The  question  was,  however, 
taken  up  again  seriously,  and  at  the  Annual  Meeting  held  on 
-3  June  1882,  the  meeting  at  which  Dr.  Sprague  was  elected  to 
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his  first  Presidency,  a  resolution  was  passed  on  the 
recommendation  of  the  Council  to  apply  for  a  Charter,  and 
thereupon  an  application  was  presented  to  the  Privy  Council  on 
15  September  1882.  The  application  was  signed  by  Dr.  Sprague 
as  President,  and  by  the  then  four  Vice-Presidents,  Messrs. 
M.  N.  Adler,  G.  W.  Berridge,  C.  J.  Bunyan,  and  K.  P.  Hardy, 
who  have  all  now  passed  away.  It  was  found  that  the  Actuaries' 
Club  was  still  in  opposition,  and  had  lodged  an  objection  to  the 
granting  of  the  Charter  ;  but  negotiations  took  place  in  a 
friendly  spirit  between  the  Council  of  the  Institute  and  the 
Actuaries'  Club,  and  the  objections  of  the  Actuaries'  Club  were 
overcome,  and  all  the  members  of  the  Club,  fourteen  in  number, 
were  brought  into  the  Institute  as  Fellows  under  the  Charter. 
Not  one  of  these  fourteen  is  now  with  us,  all  having  passed 
away.  The  Charter  was  granted  on  29  July  1884,  and  bye-laws 
had  to  be  prepared,  and  under  the  Charter  the  then  Council  was 
to  remain  in  office  until  the  bye-laws  had  been  approved  by  the 
Privy  Council.  Hence  the  then  Council  remained  in  office 
unchanged  for  four  years,  1882  to  1885  inclusive.  The  bye-laws 
were  allowed  by  the  Privy  Council  on  26  February  1886,  and 
this  was  reported  at  the  Annual  Meeting  held  on  5  June  1886, 
under  the  Presidency  for  the  last  time  of  Dr.  Sprague,  who  then 
retired  from  the  chair. 

A  great  deal  is  due  to  Dr.  Sprague  for  the  success  of  this 
application  for  the  Charter,  but  he  himself  at  the  Annual  Meeting 
in  1886  offered  a  very  generous  and  just  acknowledgment  to  the 
late  Mr.  AVilliam  Sutton,  who  was  himself  subsequently  President 
of  the  Institute.  Dr.  Sprague  said  that  he  was  sure  all  would 
pay  a  tribute  to  the  services  of  Mr.  Sutton,  who  had  done  most 
to  bring  about  the  change  in  the  constitution  of  the  Institute. 
Mr.  Sutton  had  drafted  the  Charter  and  bye-laws,  which  had  then 
been  carefully  considered  by  the  Council ;  and  also  his  influence 
as  Actuary  to  two  Government  Departments  had  been  invaluable. 
Mr.  Sutton  at  that  time  was  Actuary  to  the  Registrar  of  Friendly 
Societies,  and  also  Actuarial  Adviser  to  the  Board  of  Trade  ;  and 
he  had  found,  under  the  Friendly  Societies  Act  more  especially, 
that  it  was  very  important  that  the  position  of  actuaries  should 
be  defined  and  settled,  so  that  unauthorized  persons  might  not 
be  permitted  to  practise.  We  may  therefore  say  that  the  final 
success  in  obtaining  the  Charter  was  due  in  great  part  to 
Dr.  Sprague  and  Mr.  Sutton. 

The  reconciliation  between  the  members  of  the  actuarial 
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profession  was  complete,  and  later  on  the  old  Actuaries'  Club 
and  the  Institute  of  Actuaries'  Club,  which  had  been  formed 
from  the  leading  members  of  the  Institute  on  much  the  same 
lines  as  the  Actuaries'  Club,  were  fused,  and  continued  under 
the  old  name  of  The  Actuaries'  Club. 

Dr.  Sprague  was  a  great  mathematician,  and  yet  in 
comparatively  few  of  his  actuarial  writings  does  much  of  the 
higher  mathematics  appear.  He  kept  that  in  reserve,  and 
preferred,  whenever  possible,  to  restrict  himself  to  more  simple 
ordinary  algebra.  Nevertheless  he  had  an  essentially 
mathematical  mind,  which  it  was  his  delight  to  apply  to  practical 
work.  He  possessed  in  rare  degree  what  may  be  called 
mathematical  instinct.  He  thought  mathematically,  and  he 
spoke  mathematically,  and  he  wrote  mathematically,  even  when 
there  was  but  little  appearance  of  mathematics  on  the  surface. 
All  this  comes  out  clearly  in  his  Presidential  Address,  delivered 
to  the  Actuarial  Society  of  Edinburgh  on  13  November  1874 
(J.I.A.,  vol.  xviii,  p.  403).  The  address  was  on  the  Usefulness  i  >f 
Mathematical  Studies  to  the  Actuary  ;  and.  on  a  first  perusal, 
it  seems  to  be  almost  absurdly  elementary  :  but.  on  further 
acquaintance,  it  is  found  to  contain  deep  wisdom.  He  says  that 
the  mathematician  takes  nothing,  not  even  the  simplest  thing, 
for  granted  ;  and  that  by  him  language  is  used  in  a  strict  and 
precise  manner.  Words  are.  as  it  were,  symbols,  and  sentences 
formulas  ;  and  hence  the  mathematician  thinks  clearly  and 
accurately,  and  speaks  and  writes  without  ambiguity.  All  this 
presupposes  what  has  been  called  above  the  mathematical 
instinct,  which  Dr.  Sprague  combined  with  profoimd  mathematical 
knowledge  ;  but  here  it  may  be  remarked  that,  with  mathematical 
instinct,  combined  with  even  only  moderate  attainments  in  the 
higher  mathematics,  a  man  will  not  be  liable  to  fall  into  error. 
He  will  think  for  himself,  and  will  avoid  pitfalls  by  which  the 
unwary  may  be  entrapped.  He  will  travel  safely  ;  whereas  a 
man  who  has  read  a  great  deal  of  mathematical  literature,  and 
who  has  learned  and  remembered  a  great  deal,  but  who  is  not 
endowed  with  the  mathematical  instinct,  and  who  has  not  thought 
for  himself,  will  be  in  danger  ;  and  may  try,  as  it  were,  to  force 
a  round  formula,  very  good  in  itself,  into  a  square  hole.  He  will 
sometimes  fail  to  perceive  when  the  abstruse  methods  which 
are  at  his  finger  ends  are  not  really  applicable  to  the  case  in 
hand  ;  and  he  will  be  apt  to  use  them  recklessly,  and  under 
conditions  where  they  cannot   produce  satisfactory  results. 
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This  is  more  particularly  so  in  the  case  of  actuaries,  who  have, 
as  Dr.  Sprague  says,  "  to  deal  even  more  with  figures  than  with 
formulas  ",  and  who  "  must  submit  every  formula  to  the  test 
of  actual  numerical  calculation  "  ;  and  on  this  point  he  adds 
that : 

"  In  many  branches  of  applied  mathematics,  it  has  been  too 
much  the  custom  in  treatises  designed  for  the  English  student — 
especially,  perhaps,  for  the  student  who  is  reading  for 
mathematical  honours  at  the  universities — to  disregard  the 
numerical  application  of  the  formulas  proved." 

At  the  time  of  the  Address  in  1874,  there  was  not  much  in  the 
way  of  higher  mathematics  required  of  actuarial  students  for 
their  examinations  ;  but  Dr.  Sprague  looked  forward  to  a  change 
in  that  respect,  and  he  wrote  : 

"  It  can  scarcely  be  said  that  the  extraction  of  the  facts 
(for  a  mortality  experience)  is  a  process  for  which  much 
mathematical  knowledge  is  required  ;  but  when  the  facts  have 
been  extracted,  the  process  of  adjusting  them  so  as  to  deduce  a 
satisfactory  mortality  table,  that  shall  proceed  without  any 
abrupt  changes,  and  shall  yet  not  deviate  too  far  from  the 
original  facts,  is  a  problem  requiring  for  its  complete  solution 
the  very  highest  mathematical  attainments.  Not  only  is  an 
intimate  knowledge  of  the  Differential  and  Integral  Calculus 
useful  for  the  purpose,  but  a  knowledge  of  the  Method  of  Least 
Squares  may  also  be  extremely  serviceable.  Until  we  have 
come  to  this  point,  we  have  been  able  only  to  speak  of  a  knowledge 
of  the  differential  calculus  as  serviceable  in  a  general  way  to  the 
actuarial  student  ;  but  when  we  come  to  the  present  part  of 
our  subject,  and  examine  the  methods  that  have  been  applied 
with  the  most  success  to  the  graduation  of  mortality  tables,  we 
are  compelled  to  say  that  no  actuary  can  be  considered  to  be 
fully  qualified  for  the  discharge  of  all  the  duties  he  may  be  called 
upon  to  undertake,  who  has  not  a  competent  knowledge  of  the 
differential  and  integral  calculus.  It  is  not  to  be  forgotten, 
moreover,  that  an  extensive  use  has  of  late  years  been  made  of 
the  calculus,  to  obtain  more  exact  values  of  annuities  payable 
by  half-yearly,  quarterly,  or  other  instalments  ;  also  of  complete 
annuities,  and  in  a  variety  of  other  questions,  especially  in  the 
Theory  of  Complete  Annuities.  It  is  not  yet  essential  for  an 
actuary  to  be  familiar  with  these  investigations,  but  it  is  impossible 
to  say  how  soon  it  may  become  so  ;  and  in  the  meantime  a 
study  of  them  cannot  fail  to  give  the  actuarial  student  a  greater 
command  over  the  simpler  parts  of  his  subject." 

Only  two  papers,  illustrative  of  Dr.  Sprague's  mathematical 
genius,  can  be  referred. to  here:  the  first  on  "  A  new  Formula 
for  Interpolation  ??  (J. LA.,  vol.  xxii,  p.  270,  July  1880),  and  the 
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second,  on  The  Graphic  Method  of  Adjusting  Mortality  Tables  " 
(J.I.A.,  vol.  xxvi,  p.  77,  October  1886).  They  differ  much  from 
each  other,  but  each  possesses  its  own  well  marked  character. 

Dr.  Sprague's  method  of  interpolation  is  that  which  is  now 
known  as  the  Osculatory  method,  a  name  first  given  by  Dr.  Karup. 
Dr.  Sprague  foreshadowed  it  in  an  earlier  paper  in  1867  (J. LA.. 
vol.  xiii,  p.  305)  on  the  Value  of  Annuities  payable  half-yearly, 
&c,  on  page  322  of  which  he  indicated  its  principles,  without 
developing  them.  The  problem  is,  from  equidistant,  usually 
quinquennial,  pivotal  values  of  a  function,  u0,  ul3  &c,  to  u-0.  to 
interpolate  the  values  intervening  between  u.2  and  u3  in  such  a 
way  that  when  interpolation  is  similarly  effected  between  the 
values  Ui  and  u2,  and  the  values  u3  and  ui}  there  shall  be  no 
break  at  the  points  of  meeting  of  the  adjacent  partial  curves  at 
iio  and  at  us. 

Dr.  Sprague  secured  the  necessary  smoothness  by  arranging 
that,  at  the  point  of  meeting  of  each  pair  of  adjacent  partial 
curves,  these  curves  shall  have  the  same  tangent,  and  the  same 
radius  of  curvature,  that  is,  that  they  shall  have  the  same  first 
differential  coefficient,  and  the  same  second  differential  coefficient. 
The  values  of  the  differential  coefficients  at  the  points  u2  and  uB 
have  to  be  determined  by  means  of  the  given  pivotal  values  of 
the  function  ;  and  that  is  done  by  supposing  parabolic  curves  of 
the  fourth  order  to  be  passed  through  the  points  u0  to  u±,  and 
through  the  points  ul  to  u5  respectively.  Starting  with  the 
equations  to  these  curves,  and  working  by  an  abstruse 
mathematical  process,  the  five  leading  sub-divided  differences 
of  u2  are  determined,  and  the  terms  intervening  between  u2  and 
u3  are  then  inserted  by  addition. 

The  process  followed  by  Dr.  Sprague  in  deducing  the  formula 
may  be  simplified  and  shortened  a  little,  but  it  must  always  be 
abstruse.  Nevertheless,  the  arithmetical  application  of  the 
formula  is  easy,  and  the  resulting  completed  table  is  free  from 
all  roughness.  Dr.  Sprague  used  the  formula  for  the  five  select 
columns  of  his  Select  Mortality  Tables,  the  pivotal  values  having 
been  calculated  by  a  graphic  method  ;  and  the  columns  are  very 
smooth. 

In  the  earlier  paper  of  1867  Dr.  Sprague  mentions  a  much 
shorter  formula  of  the  same  kind,  with  only  three  differences. 
At  the  point  of  meeting  he  gives  to  the  two  partial  curves  only 
the  same  tangent,  and  not  necessarily  the  same  radius  of 
curvature  ;   that  is,  he  gives  them  the  same  first  differential 
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coefficient,  and  ignores  the  second.  It  is  found  from  experience 
that,  for  the  purpose  of  constructing  or  of  graduating  mortality 
and  other  tables  used  in  life  contingencies,  and  for  pension  funds, 
&c,  the  shorter  formula  is  all  that  is  required,  and  that  it  gives 
excellent  results. 

This,  the  first  of  the  papers  chosen  as  illustrative  of 
Dr.  Sprague's  methods,  bristles  with  the  higher  mathematics. 
It  is  on  interpolation ;  but  that  also  necessarily  includes 
graduation  ;  and  Dr.  Sprague  himself  used  the  formula  for  the 
purpose  of  graduating  his  Select  Tables. 

The  second  illustrative  paper  is  on  graphic  graduation  ;  and 
in  it  Dr.  Sprague  condemns  in  language  without  restraint  all 
mathematical  formulas  for  graduation.  He  does  not,  however, 
condemn  mathematics,  but,  on  the  contrary,  he  shows  how  there 
must  be  a  sound  knowledge  of  the  mathematical  properties  of  curves 
if  a  graphic  graduation  is  to  be  really  scientifically  successful. 
On  this  point  he  says,  "  In  order  to  understand  and  successfully 
"  apply  the  graphic  method  of  graduation,  it  is  necessary  to 
study  carefully  the  relations  that  exist  between  the  progression 
"  of  the  numbers  and  their  differences,  and  the  form  of  the 
"  curve."  In  fact,  according  to  Dr.  Sprague,  when  graphically 
drawing  a  curve  we  must  not,  as  some  have  said,  be  guided 
solely  by  the  eye,  but  we  must  allow  mathematical  instinct  to 
have  full  play. 

Dr.  Sprague,  with  various  diagrams,  gives  a  beautiful  analysis 
of  the  nature  of  curves,  and  then  supplies  copious  numerical 
examples  of  graphic  graduation.  He  furnishes .  the  figures  all 
complete  ;  and  one  cannot  but  be  struck  by  his  conscientious 
industry.    He  spares  no  labour  to  make  his  final  results  perfect. 

Dr.  Sprague's  paper  on  graphic  graduation  led  to  a  heated 
controversy.  In  it  he  had  examined  the  results  of  several 
graduations  by  mathematical  formulas,  including  that  of 
Mr.  Woolhouse,  and  compared  them  with  his  own  graphic 
graduation  ;  and  he  summed  up  by  saying  "  We  must  include 
"  in  one  general  condemnation  all  such  graduation  formulas  as 
"  Mr.  Woolhouse's,  Mr.  Higham's  and  Mr.  Ansell's." 

Naturally,  Mr.  Woolhouse  replied,  and  Dr.  Sprague  replied 
again,  and  much  dust  was  raised  ;  but,  in  the  end,  something 
like  peace  was  restored.  Dr.  Sprague  made  his  "  final  remarks  " 
in  J. I. A.,  vol.  xxix,  p.  232.  To  test  the  matter  thoroughly,  he 
made  a  graduation  by  Woolhouse's  formula  of  the  Text  Book 
table  and  said  :  "  Taking  a  general  view  of  the  figures,  we  infer 
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"  that,  although  Mr.  Woolhouse's  method  slightly  disturbs  the 
"  law  of  the  series  (lx)  to  which  it  is  applied,  the  practical  effect 
"  of  this  disturbance  on  the  probability  of  dying  is  so  slight  as 
"to  be  of  no  practical  importance  except  at  extreme  old  ages. 
"  I  feel  therefore  bound  to  admit  that  my  objection  to  the  method. 
"  on  the  ground  of  its  tendency  to  disturb  the  law  of  the  series, 
"  although  theoretically  well  founded,  may  be  disregarded  in 
"  practice." 

Besides  being  an  actuary  of  unusual  erudition,  Dr.  Sprague 
was  a  first-class  business  man  ;  and  of  this  the  prosperity  during 
his  management,  extending  over  thirty-nine  years,  of  the  two 
great  Insurance  Societies  of  which  he  was  in  succession  Chief 
Officer,  is  sufficient  evidence.  The  business  of  life  assurance, 
using  the  words  "  life  assurance  "  in  their  broadest  sense,  was 
the  business  of  his  life  and  in  all  his  investigations  he  kept  in 
view  their  immediate  practical  application,  and  refrained  from 
acting  on  any  theories  he  might  have  formed  until  he  had  put 
them  to  practical  test.  His  writings  all  bear  witness  to  this, 
his  prevailing  characteristic  ;  and  one  would  like  to  refer  to 
many  of  them  in  some  detail ;  but,  in  such  a  memoir  as  this,  to 
do  so  is  impossible.  They  are  too  voluminous.  The  mere  list 
of  his  communications  to  the  Journal  of  the  Institute  alone 
occupies  nearly  five  and  a  half  pages  of  the  index.  Then,  there 
are  actuarial  publications  of  his  to  be  found  elsewhere.  In 
April  1874  he  brought  out  a  volume  entitled  ;'  Life  Insurance 
Accounts  in  which  he  analysed  minutely  all  the  returns  to  be 
made  by  companies  under  the  Act  of  1870,  and  gave  careful 
explanations  of  their  meaning,  and  of  how  the  schedules  should 
be  filled  in — all  of  which  was  very  useful  at  the  time,  when  the  new- 
form  of  the  accounts  was  but  little  understood  except  bv  the  few. 

In  1876  he  contributed  to  the  9th  edition  of  the  Encyclopedia 
Britannica  an  exhaustive  article  on  "  Annuities  in  some  parts 
highly  mathematical,  which  superseded  the  article  by  Joshua 
Milne  written  many  years  before,  and  which  was  reviewed  bv  the 
late  Mr.  Sutton  in  the  Journal,  vol.  xx,  p.  112.  There  are  also 
to  be  found  in  the  Transactions  of  the  Actuarial  Society  of 
Edinburgh  sundry  contributions  from  Dr.  Sprague.  including 
some  of  his  Presidential  Addresses  to  that  Society  and  his  too 
little-known  paper  "  On  Probability  and  Chance,  and  their 
connection  with  the  Business  of  Insurance."  All  of  these  we 
must  pass  over,  and  confine  ourselves  to  touching  lightly  on  onlv 
two  or  three  of  the  most  salient  points. 
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Dr.  Sprague's  monumental  Select  Tables  have  already  been 
mentioned.  In  two  elaborate  papers  in  the  Journal,  vol.  xxi, 
p.  229,  dated  November  1878,  and  vol.  xxii,  p.  391,  dated 
January  1881,  their  construction  and  use  were  fully  explained, 
and  monetary  tables  at  4  per-cent  interest  were  given  ;  and  in 
1896  they  were  published  separately  in  book  form,  with  extensive 
monetary  tables  at  four  rates  of  interest. 

Early  in  his  managerial  career,  Dr.  Sprague  took  up  with  his 
usual  earnestness  the  question  of  investments  in  reversionary 
securities  of  all  kinds,  and  he  investigated  them  from  every 
point  of  view,  and  examined  them  in  all  their  phases.  The 
result  is  a  long  series  of  papers,  developing  the  mathematical 
theory  of,  and  the  principles  to  be  followed  when  carrying  out 
transactions  in,  reversions,  reversionary  interests,  &c,  whether 
of  the  more  simple  descriptions,  or  whether  complicated  by 
probabilities  of  marriage,  of  the  birth  of  issue,  &c,  &c.  The 
titles  of  a  few  of  these  papers  may  be  quoted,  just  to  show 
how  comprehensive  were  Dr.  Sprague's  researches  : 
J. I. A.,  vol.  xiv,  p.  417,  On  the  Valuation  of  Keversionary  Life 

Interests. 

J. I. A.,  vol.  xviii,  p.  77,  On  the  Apportionment  by  mutual  consent 
of  a  Fund  between  the  Life  Tenant  and  the  Reversioner. 

J. I. A.,  vol.  xxiv,  p.  327,  On  the  Calculation  of  the  values  of 
Benefits  that  depend  on  the  Death  without  Issue  of  One  or 
More  Persons. 

J. I. A.,  vol.  xxv,  p.  160,  On  the  Probability  that  a  Marriage 
entered  into  at  any  age  will  be  fruitful ;  and  that,  if  a  Marriage 
has  been  childless  for  several  years,  it  will  afterwards  become 
fruitful. 

Perhaps  the  most  important  paper  on  this  class  of  subjects 
is  that  in  J. I. A.,  vol.  xxi,  p.  406,  which  was  read  before  the 
Institute  on  31  March  1879.  It  has  the  comprehensive  title, 
"  On  the  Construction  of  a  Combined  Marriage  and  Mortality 
"  Table,  from  the  Rates  of  Marriage  and  Mortality  among  any 
"  body  of  Men ;  and  on  the  Calculation  of  the  Values  of 
"  Annuities  and  Assurances  that  depend  on  the  Contingency  of 
"  Marriage,  as  well  as  Death  ;  and  their  Application  to  determine 
"  the  Rate  of  Premium  for  an  Assurance  against  the  Contingency 
"  of  a  Bachelor  of  a  given  age  leaving  Issue." 

This  paper  was  illustrated  mainly  with  statistics  derived 
from  the  British  Peerage  families,  but  also  with  some  derived 
from  other  sources  ;  and  it  gave  the  graduated  tables  of  Marriage 
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and  Mortality,  which  follow  the  usual  Mortality  Table  form :  and  it 
gave  also  the  monetary  values  of  Marriage  and  Mortality  benefits. 

These  tables  of  Dr.  Sprague  are  really  the  precursors  of  the 
Service  Tables  now  prepared  for  Pension  Funds,  which  are  used 
for  measuring  the  values  of  benefits  falling  in  on  death,  or  on 
withdrawal,  or  on  retirement  on  pension,  and  sometimes  even  on 
marriage,  but  which  also  include  varying  salaries  as  an  additional 
complication. 

At  the  present  day  the  statistics  used  by  Dr.  Sprague  are. 
for  the  most  part,  obsolete  on  account  of  changed  social 
conditions  ;  but  the  principles  remain  for  our  guidance  and  help. 

The  only  other  portion  of  Dr.  Sprague's  work  which  can  be 
referred  to  here  is  his  papers  on  legal  subjects,  on  which,  as 
barrister,  he  was  an  authority.  Besides  law  being  involved  in 
many  of  his  other  papers,  he  wrote  on  the  Policies  of  Assurance 
Act  1867.  on  the  Sales  of  Reversions  Act  1867.  and  on  the 
Married  Women's  Property  Acts  1870  and  1882  ;  and  his  very 
last  contribution  on  assurance  matters  was  that  on  Lost  Policies, 
and  was  read  before  the  Institute  on  26  April  1897,  being  followed 
by  a  most  interesting  discussion.  It  appears  in  the  Journal. 
vol.  xxxiii,  p.  373,  and  is  valuable  at  the  present  day.  although 
naturally  circumstances  are  not  all  the  same. 

Dr.  Sprague's  first  paper  appeared  in  the  number  of  the 
Institute  Journal  for  October  1856.  and  his  last  in  the  number 
for  October  1897,  there  being  thus  exactly  forty-one  years  between 
them. 

One  feature  of  many  of  Dr.  Sprague's  contributions  to  the 
Journal,  which  must  be  mentioned,  although  not  without  regret, 
is  the  peculiar  spelling  which  he  adopted.  He  was  an  ardent 
advocate  of  spelling  reform,  and  thought  he  was  doing  good 
service  to  the  cause  by  using,  in  season  and  out  of  season,  spelling 
of  a  phonetic  character.  The  Council  objected,  holding  that, 
although  some  of  them  were  in  favour  of  reformed  spelling,  yet  a 
scientific  journal  was  not  the  place  to  introduce  it.  But 
Dr.  Sprague  was  obdurate,  and  refused  to  contribute  more 
papers  unless  his  spelling  were  admitted  ;  and  the  Council  gave 
way.  In  later  years,  however,  Dr.  Sprague  relented,  and.  for 
some  time  before  he  retired,  he  allowed  his  papers  to  appear  in 
orthodox  garb.  The  papers  in  the  phonetic  spelling  are  irksome 
to  read,  and  thus  lose  some  of  their  value. 

Dr.  Sprague  did  not  confine  his  energies  to  matters  actuarial, 
but  took  an  active  interest  in  other  branches  of  science.  He 
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was  Fellow  of  the  Koyal  Society  of  Edinburgh,  and  of  the 
Edinburgh  Mathematical  Society,  and  he  was  a  member  of  the 
Edinburgh  Field  Naturalists  and  Microscopical  Society,  to  all 
of  which  Societies  he  made  communications  ;  and  on  one 
occasion  at  any  rate  he  also  contributed  to  the  proceedings  of 
the  British  Association. 

In  the  publications  of  the  Royal  Society  of  Edinburgh  there 
are  papers  by  him  : 

On  the  Nature  of  the  Curves  whose  Intersections  give  the 

Imaginary  Roots  of  an  Algebraic  Equation.  (1883.) 

On  a  New  Algebra,  by  means  of  which  Permutations  can 

be  Transformed  in  a  variety  of  ways,  and  their  Properties 

investigated.  (1893.) 

He  also  contributed  to  that  Society  papers  on  actuarial 
subjects,  but  these  have  been  either  reprinted  in  the  Journal  of 
the  Institute  of  Actuaries,  or  their  subject  matter  repeated  by 
Dr.  Sprague  in  other  papers  in  that  Journal. 

To  the  Edinburgh  Mathematical  Society  he  contributed  the 
following  papers  : 

Note  on  the  evaluation  of  Functions  of  the  Form  0°. 

(1884-85.) 

On  the  Different  Possible  non-linear  arrangements  of 
Eight  Men  on  a  Chess  Board.  (1889-90.) 

On  the  Transformation  and  Classification  of  Permutations. 
(1890-91.) 

On  the  Geometrical  Interpretation  of  i\  (1893-94.) 

On  the  Eight  Queens'  Problem.  (1898-99.) 

On  the  Singular  Points  of  Plane  Curves.  (1902-03.) 
His  outdoor  recreations  supplied  him  with  material  for 
communications   to   the    Edinburgh   Field   Naturalists  and 
Microscopical  Society,  of  which  the  following  is  a  list : 

Bones  and  shells  taken  from  a  kitchen  midden  on  Inchkeith 
during  1881. 

The  "  Green  Balls  "  of  Loch  Kildonan. 

On  the  Growth  of  Leaves. 

Fibre  Balls. 

Ripple  Marks  on  Sand. 

On  the  occurrence  of  the  Fresh  Water  Mussel. 
Notes  on  the  Bournemouth  Cliffs. 

Notes  on  the  Entomostraca  (Water-fleas)  of  Midlothian. 
The  last  of  these  papers  was  prepared  conjointly  with  his 
daughter  Miss  B.  Sprague,  and  it  gained  a  prize  for  a  beautifully 
mounted  collection  of  the  minute  crustaceans  treated  of. 
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Dr.  Sprague  was  twice  married,  first  in  1859,  to  Miss  Margaret 
Vaughan  Steains,  younger  daughter  of  Mr.  James  Steains  of 
Liverpool,  by  whom  he  had  eleven  children,  eight  of  whom 
survive  ;  and,  second,  in  1908,  to  Miss  Jean  Elizabeth  Stuart, 
third  daughter  of  Mr.  Morris  Forsyth  Stuart,  Navy  and  Army 
Contractor  of  Edinburgh,  who  also  survives  him. 

It  is  worthy  of  note  that  his  eldest  surviving  son,  Dr.  A.  E. 
Sprague,  is,  at  the  time  of  writing,  President  of  the  Faculty  of 
Actuaries  in  Scotland.  This  is  the  first  occasion  of  both  father 
and  son  having  achieved  that  great  distinction. 

GEORGE  KING. 


Address  by  the  President,  Sir  Alfred  William  Watson,  K.C.B. 

[Delivered  29  November  1920.] 

In  commencing  the  address  with  which  custom  ordains  that  the 
recently  elected  President  shall  inaugurate  the  session,  I  am 
constrained  again  to  express  my  deep  appreciation  of  the  honour 
conferred  upon  me  in  my  elevation  to  this  Chair.  I  realize  the 
dignity,  and  not  less  the  responsibility  of  the  Presidential  Office, 
and  I  cherish  the  hope  that  a  profound  sense  of  duty  to  the 
Institute,  to  which  I  owe  so  much,  will  enable  me  to  meet  the 
obligations  which  my  fellow  members  have  seen  fit  to  impose 
upon  me. 

It  is  usual,  and  fitting,  on  these  occasions  to  refer  to  those 
who  have  recently  passed  from  our  midst.  Meeting  under  the 
shadow  of  the  fierce  and  protracted  struggle  from  which  we 
have  thankfully  now  emerged,  the  remarks  of  my  immediate 
predecessors  in  reference  to  this  subject  necessarily  took  a 
new  character,  and  with  the  expression  of  the  sorrow  that  has 
animated  us  all  in  contemplating  the  losses  that  have  fallen 
upon  our  little  community,  there  rang  out  a  note  of  pride  in 
the  response  of  our  younger  colleagues  to  their  Country's  urgent 
call.  Our  membership  of  all  classes  reached  its  highest  point 
in  1915  when  we  numbered  just  over  1,200,  yet  from  among  us 
no  fewer  than  428  men  are  known  to  have  gone  to  the  Forces,  of 
whom  79  gave  their  lives.  These  figures  are  surely  eloquent 
enough  to  need  no  addition.  It  is  only  that  the  full  tale  shall  be 
told  that  I  refer  again  to  a  subject  which  has  already  been  so 
feelingly  dealt  with  from  the  Chair. 
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We  have  to  regret  the  death  of  four  Fellows  since  our  last 
meeting  in  this  Hall.  Mr.  W.  P.  Clirehugh,  who  became  a  Fellow 
in  1863,  had  long  ceased  to  be  closely  associated  with  our  pro- 
fession but  had  attained  prominence  as  an  insurance  manager. 
He  will  be  warmly  remembered  by  certain  of  us  who  in  recent 
years  enjoyed  his  society  in  another  circle. 

Mr.  Marco  Besso  of  Home  was  elected  a  Fellow  in  1879  and, 
in  the  prefatory  remarks  to  an  interesting  compilation  of 
statistics  for  which  he  was  responsible,  was  described  in  vol.  xxvi 
of  the  Journal  as  an  insurance  expert  of  wide  experience  and 
great  repute  throughout  the  continent.  We  regret  the  loss  of 
one  who  was  a  personal  link  between  ourselves  and  an  allied 
nation  for  which  Englishmen  cherish  a  warm  regard,  and  whose 
present  difficulties  command  their  sympathy. 

The  death  of  Mr.  Oscar  Nash  in  tragic  circumstances  was 
lately  reported  to  us.  Mr.  Nash  had  served  on  the  Council  and 
several  times  had  acted  as  an  Examiner.  I  myself  retain 
grateful  recollections  of  him  as  a  tutor  and  a  friend.  We  have 
also  to  regret  the  loss  of  Mr.  L.  G.  Atkins,  who  died  at  an 
early  age  after  a  prolonged  period  of  ill-health,  which  had  cut 
short  a  promising  career. 

At  the  time  when  the  last  Presidential  address  was  delivered, 
we  still  seemed  to  hear  the  reverberation  of  the  guns  which 
heralded  the  Armistice,  the  greater  number  of  our  younger 
members  were  still  wearing  His  Majesty's  uniform,  and  of  the 
older  men  and  others  to  whom  military  duty  had  not  been 
allotted,  a  considerable  proportion  were  performing  tasks  to 
which  the  national  emergency  had  called  them.  In  reference 
to  some  of  these  I  am  emboldened  to  make  a  similar  claim  for 
the  professional  training  given  by  the  Institute,  and  for  the  type 
of  career  of  which  that  training  is  the  prelude,  to  that  which  is 
so  frequently  made  and  conceded  in  respect  of  the  educational 
system  of  our  great  Universities.  The  range  of  duties  to  which 
many  of  our  members  who  were  retained  in  civil  life  were 
suddenly  called,  was  remarkably  varied  and  entailed  real,  and,  in 
some  cases,  even  grave  responsibilities.  It  was  naturally  to  be 
expected  that  those  who  had  attained  success  in  the  practice 
of  their  profession  and  in  the  conduct  of  the  great  organizations 
with  which  it  is  so  closely  linked,  would  find  their  new  responsi- 
bilities well  within  their  trained  and  disciplined  capacity,  but 
in  regard  to  the  younger  men,  in  whose  case  experience  had  not 
ripened  into  maturity  the  powers  implanted  by  an  actuarial 
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education,  the  position  was  different,  and  the  experiment  might 
pardonably  have  been  watched  with  some  misgivings.  If  such 
were  felt  they  were  superfluous.  To  those  of  us  who  had  the 
opportunity  of  seeing  large  and  serious  problems  handled  by 
junior  members  of  the  Institute  the  manner  in  which  the  work 
was  done,  and  the  capacity  which  it  revealed,  came  as  a  striking 
proof  of  the  value  of  the  training  which  our  curriculum  affords. 
We  always  knew  that  our  course  provided  a  solid  foundation  of 
actuarial  knowledge,  the  first  necessity  of  professional  success. 
We  now  discovered  that  like  other  sound  educational  systems, 
it  made  for  the  production  of  capable  administrators,  competent 
to  grapple  with  novel  and  varied  problems  and  to  bring  to  their 
solution  a  calm  and  disciplined  judgment,  without  which 
enthusiasm  and  industry  would  have  availed  but  little.  The 
first  place  in  our  regard,  when  we  look  back  on  the  pro- 
tracted agony  of  the  War,  must  always  be  given  to  those  of  our 
members  who  responded  to  the  call  to  Arms,  so  many  of  them 
never  to  return  to  us,  but  we  may  properly  spare  some  feeling 
of  pride  for  the  competence  and  resourcefulness  shown  by  those 
who  served  their  country  in  other  capacities. 

Two  years  have  elapsed  and  it  is  interesting  to  trace  so 
far  as  we  can  the  extent  to  which  the  course  of  actuarial  life 
has  been  brought  back  to  its  normal  channel.  Disturbing  and 
disquieting  reflections  are  induced  by  a  wide  survey  of  national 
conditions,  but  a  due  sense  of  perspective  will  serve  to  keep 
these  in  check  and,  with  some  knowledge  of  history,  will 
stimulate  the  faith  we  steadfastly  hold  in  the  destiny  of  our 
country  and  in  its  powers  of  recovery  from  the  heavy  blows 
under  which  the  nations  of  Europe  are  still  reeling.  But  whatever 
mood  of  despondency  from  time  to  time  may  be  induced  by  the 
present  social  turmoil,  no  such  emotion  can  obtain  even  a  fleeting 
mastery  over  us  when  we  confine  our  attention  to  our  own 
professional  sphere. 

We  naturally  turn  first  in  our  survey  to  the  work  of  the 
Institute  itself  and  especially  to  its  educational  activities,  which 
were  entirely  suspended  during  the  war.  The  official  classes  for 
our  students  were  reconstituted  at  the  earliest  possible  date 
following  the  Armistice  and  have  attracted  a  phenomenal 
attendance  of  students. 

Our  examinations  were  resumed  in  June  1919,  and,  in 
accordance  with  the  special  arrangements  made  for  the  post-war 
period,  have  subsequently  been  held  at  half-yearly  intervals. 
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Bearing  in  mind  the  long  interruption  in  the  studies  of  our 
younger  members,  and  the  nature  and  the  completeness  of  that 
interruption,  the  extent  to  which  our  students  have  availed 
themselves  of  the  facilities  for  examination  recently  afforded 
to  them  is  remarkable.  On  each  occasion  candidates  have 
presented  themselves  in  large  numbers  and  passes  have  been 
quite  as  numerous  as  in  the  circumstances  could  have  been 
expected.  Whatever  the  truth  of  the  general  complaint  of 
indifference  and  slackness  in  the  resumption  of  the  normal 
round,  no  charge  of  the  kind  can  be  made  in  regard  to  the 
students  of  the  Institute  of  Actuaries. 

As  you  are  aware,  certain  modifications  of  the  syllabus  were 
made  by  the  Council  to  ease  the  path  of  our  students  to  the  goal 
of  the  Fellowship  during  the  transitional  period.  These  modifi- 
cations were  framed  with  full  regard  to  the  guarantee  of  pro- 
fessional competence  which  the  grant  of  the  Institute's  diploma 
is  rightly  held  to  imply  ;  and  in  this  respect,  we  found  ourselves, 
in  common  with  other  professional  bodies,  severely  limited  by 
considerations  touching  the  public  interest.  It  is  gratifying  to 
know  that  the  only  protest  which  has  reached  us  from  students 
is  that  the  tests  we  now  impose  upon  them  are  not  sufficiently 
exacting.  That  complaint,  if  such  I  may  call  it,  is  supported 
by  arguments  which  merit  our  full  consideration. 

Having  before  us  the  somewhat  imminent  need  for  settlement 
of  the  permanent  syllabus,  we  shall  watch  with  interest  the 
results  of  the  options  now  given  to  candidates  for  Part  IV  of 
the  Examination.  Proficiency  in  certain  technical  subjects  is 
an  essential  condition  of  the  grant  of  the  Fellowship.  But  with 
the  constant  expansion  of  knowledge,  and  the  increase  of  efficiency 
demanded  in  every  profession,  specialization  of  work,  upon  more 
or  less  definite  lines,  has  become  the  general  practice.  The 
actuarial  profession  has  certainly  not  been  unaffected  by  this 
development,  and  if  in  framing  the  syllabus  of  our  examinations 
we  refuse  to  take  it  into  account  we  are  confronted  by  a  dilemma. 
We  can  either  exact  from  our  students  proof  of  competency  to 
deal  with  a  far  wider  range  of  subjects  than  individually  is  ever 
likely  to  come  before  them  in  practical  life,  or,  aghast  at  the  task 
thus  imposed  upon  them,  we  can  restrict  our  tests  to  the  branches 
of  actuarial  science  in  which  the  majority  are  likely  to  find  their 
subsequent  career.  A  middle  course,  under  which  to  a  sound 
knowledge  of  actuarial  science  and  of  its  more  general  applications 
we  might  add  a  limited  acquaintance  with  the  problems  involved 
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in  certain  branches  of  specialized  practice,  may  have  its  advocates, 
but  is  obviously  open  to  serious  criticism. 

Faced  with  this  difficulty  the  Council  have  decided,  as  an 
experiment,  to  give  the  student  preparing  for  his  final  exam  nation 
some  opportunity  to  follow  his  inclination  in  regard  to  subjects 
which  can  fairly  be  regarded  as  falling  within  special  groups. 
The  experiment  is  distinctly  limited,  the  choice  lying  between 
the  subjects  proficiency  in  which  is  essential,  on  the  one  hand, 
to  the  actuary  to  a  life  office,  and  on  the  other  to  an  actuary 
chiefly  advising  friendly  societies  or  pension  funds,  or  to  one 
who  looks  for  an  official  career  in  a  State  Department.  Time  is 
needed  to  show  whether  the  new  system  is  justified,  and  whether 
it  can  be  further  developed  with  advantage. 

In  connection  with  our  educational  work  it  has  been  decided 
by  the  Council,  after  prolonged  consideration,  that  the  revision 
of  Part  II  of  the  Text  Book  has  become  necessary.  This  decision 
calls.  I  think,  for  something  more  than  passing  mention. 

Part  II  of  the  Text  Book  was  published  in  1887  and  a  second 
edition,  incorporating  the  few  changes  that  time  had  shown  to  be 
desirable,  was  issued  in  1902.  For  33  years,  therefore,  the  present 
Part  II  of  the  Text  Book  has  maintained  its  ground  as  the 
standard  work  on  the  science  of  life  contingencies.  It  is  not 
too  much  to  say  that  even-  actuary  now  in  practice  has  cause  to 
be  deeply  grateful  to  Mr.  George  King  for  the  Text  Book  on 
which  his  knowledge  of  the  technical  side  of  our  craft  is  based. 
It  must  rarely  happen  that  any  educational  work  maintains  its 
authority,  and  that  over  the  whole  world,  for  a  third  of  a  century. 
Such,  however,  is  the  record  of  Part  II  of  the  Text  Book,  a  work 
which  testifies  at  once  to  the  learning  of  its  author  and  to  the 
literary  skill  which  has  clothed  with  living  interest  a  subject 
that,  under  other  treatment,  might  so  easily  have  become  drv 
and  repellent. 

The  changes  of  the  last  30  years  have  certainly  not,  however, 
left  our  educational  system  unaltered.  The  young  men  who 
begin  their  actuarial  studies  to-day  are  equipped,  as  a  rule, 
with  a  knowledge  of  advanced  mathematics  which  was  rarelv 
available  in  the  school  education  of  30  years  ago.  They  approach 
their  new  studies  from  a  point  of  view  different  from  that  of  the 
generation  whose  needs  inspired  the  Text  Book  of  1887.  Much 
that  was  then  relegated  to  the  category  of  optional  study  for 
those  of  mathematical  taste  has  now  become  the  commonplace 
of  our  science.    While  the  essentials  of  the  Text  Book  must 
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remain,  their  order  must  be  changed  and  their  relative  stress 
must  be  varied.  To  meet  the  altered  conditions  it  has  been 
decided  to  issue  the  new  Text  Book  in  two  volumes,  one 
relating  to  the  mathematical  theory  of  which  a  sound  knowledge 
has  become  essential,  the  other  comprising  a  full  treatise  upon 
the  theory  of  life  contingencies.  The  fact  that  Mr.  A.  Henry 
and  Mr.  E.  F.  Spurgeon  have  agreed,  respectively,  to  become 
responsible  for  the  new  volumes  will  inspire  full  confidence 
in  the  success  of  the  undertaking. 

Turning  to  wider  subjects  we  find  much  cause  for  gratification 
In  the  events  of  the  last  two  years.  If  we  seek  to  test  the  worth 
of  our  professional  work  to  the  community,  the  first  criterion 
which  we  apply  is  naturally  the  progress  of  that  great  business 
of  life  assurance  which  called  the  profession  into  existence  and 
without  which  our  science,  if  it  existed  at  all,  would  be  little 
more  than  a  shadow.  The  faith  of  the  British  public  in  the 
system  of  life  assurance  might  have  been  highly  tried  by  the 
consequences  of  the  universal  depreciation  of  securities  which 
came  immediately  with  the  clouds  of  approaching  war  and  was 
intensified  as  the  struggle  developed  and  men  began  dimly  to 
realize  the  destruction  of  material  capital  and  the  diversion  of 
human  energy  from  productive  work,  to  which,  with  the  loss  of 
valuable  lives,  their  generation  was  called  upon  to  submit.  I 
am  not  sure  that  we  fully  appreciated  the  courage  and  inflexi- 
bility of  purpose  of  those  actuaries  who  were  first  required  by 
the  accident  of  fate  to  put  into  practice  the  doctrines  which  in 
days  of  peace,  when  discussion  was  largely  theoretical,  were  laid 
down  without  much  difficulty  as  appropriate  to  certain  eventu- 
alities. It  was  a  different  matter  to  apply  those  doctrines  to 
the  test  under  the  conditions  evoked  by  the  European  War, 
and  honour  is  surely  due  to  those  who,  resisting  an  easier  way 
and  one  for  which  a  plausible  defence  might  doubtless  have  been 
found,  determined  to  stand  by  their  principles  and  to  rely  upon 
the  good  sense  of  their  policyholders  to  support  them.  As 
case  followed  case  in  which  the  distribution  of  profits  was  sus- 
pended, it  was  not  difficult  to  discern  that  public  opinion  was 
supporting  the  Companies  in  the  action  upon  which 
they  had  decided  and  in  regard  to  which  the  views  of  the 
responsible  actuaries  must  generally  have  been  the  deciding 
factor.  Speaking  with  the  freedom  of  one  whose  work  has  lain 
outside  this  particular  field,  I  make  bold  to  say  that  at  no  time  in 
the  long  history  of  the  system  of  life  assurance  did  that  system 
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stand  higher  in  public  opinion  than  at  the  termination  of  the 
war,  when  the  suspension  of  bonus  distributions  had  tended  to 
become  universal.  In  support  of  this  view,  which  has  no  such 
unworthy  basis  as  a  mere  desire  to  say  pleasant  things  to  my 
professional  friends,  I  would  instance  the  quite  remarkable 
progress  in  life  assurance  during  the  year  1919.  This  gives  us 
an  unmistakable  test,  for  with  a  profound  derangement  of 
currency  values  the  effectiveness  of  the  great  mass  of  policies 
of  life  assurance  which  represented  provident  transactions,  had 
been  diminished  to  a  menacing  extent.  If  the  system  was  as 
valuable,  and  as  highly  prized  by  the  people,  as  those  immediately 
concerned  would  fain  believe,  they  were  entitled  to  expect  a 
large  expansion  in  the  volume  of  new  assurances  even  before 
the  community  had  settled  down  to  its  normal  life,  and 
despite  the  urgency  of  the  need  for  capital  which  was  already 
deflecting  great  sums  to  new  trading  and  industrial  enterprises. 
This  expectation  was  realized.  Comparing  the  year  1919  with  1913, 
the  last  year  before  the  war,  the  new  policies  issued  (not  taking 
account  of  industrial  assurances)  rose  by  70  per-cent,  the  sums 
assured  under  such  policies  by  over  100  per-cent  and  the  premiums 
payable  in  relation  thereto  by  150  per-cent.  Our  Institute  is 
a  scientific  community,  but  to  affect  a  lofty  indifference  to  figures 
such  as  these  would  be  absurd.  Life  assurance,  if  a  business, 
is  nevertheless  a  great  social  service.  Having  regard  to  its 
intimate  connection  with  our  profession  and  to  the  mutual 
dependence  of  the  two,  we  have  every  reason  to  be  satisfied 
with  the  position  that  the  system  of  life  assurance  holds  in 
public  regard  and  to  express  that  satisfaction  in  any  review  of 
the  progress  of  actuarial  activities. 

But  it  is  not  only  in  the  sphere  of  life  assurance  that  the 
influence  of  actuarial  science  begins  to  flow  in  a  wider  channel. 
In  his  consultative  work  the  actuary  of  established  repute  has 
frequently  found  himself  in  a  position  of  high  responsibility  and 
has  taken  a  gratifying  share  in  the  guidance  of  undertakings  of 
great  importance.  This  class  of  work  in  the  nature  of  the  case 
is  generally  of  a  confidential  character,  and  it  is  possible  neither 
to  survey  it  in  detail  nor  to  discuss  its  developments.  But  there 
is  reason  to  think  that  it  is  increasing  in  volume,  and  I  believe 
that,  with  the  growth  of  public  and  private  spirit  in  regard  to 
those  essential  services  of  which  the  need  has  hitherto  been 
inadequately  acknowledged,  the  actuary's  prospects  of  useful 
work  will  further  expand.    It   is  at   once  a  peculiarity  and 
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a  gratifying  incident  of  our  professional  work  that  the  matters  in 
which  the  actuary  is  called  upon  to  exercise  his  skill  relate  as 
a  general  rule  to  undertakings  in  which  large  numbers  of  people 
are  deeply  concerned.  It  is  no  matter  for  surprise  that  a  calling 
round  which  a  veil  of  mystery  was  long  supposed  to  hang — 
with  a  measure  of  gratification,  I  have  sometimes  thought,  to 
some  among  those  who  practised  it — is  now  becoming,  at  least 
in  name,  familiar  to  the  general  public.  It  follows  that  there  is 
a  growing  recognition  of  the  circumstances  in  which  the  help  of 
the  actuary  should  be  sought.  This,  I  think,  will  continue,  to 
the  advantage  of  the  community  and  certainly  to  the  satis- 
faction of  those  who  believe  in  the  capacity  of  their  profession 
to  minister  to  the  public  welfare. 

The  appointment  of  a  member  of  our  profession  to  the 
Departmental  Committee  on  Railway  Superannuation  Funds  was 
some  years  ago  the  subject  of  pleasurable  comment  among  us, 
and,  when  the  Report  of  the  Committee  was  published,  it  was  not 
difficult  for  us  to  discern  how  large  a  part  in  its  work  Mr.  D.  C. 
Fraser  had  taken  and  how  considerable  was  the  influence  which 
had  been  conceded  to  his  technical  knowledge  and  personal 
judgment.  More  recently  we  were  gratified  by  the  appointment 
of  Sir  Gerald  Ryan  to  the  Chairmanship  and  of  Mr.  Ernest  Woods,, 
then  President  of  the  Institute,  to  membership  of  a  Departmental 
Committee  entrusted  with  the  onerous  task  of  revising  the 
National  Insurance  Act  as  a  basis  for  legi;  lation  in  regard  to 
finance  and  administration.  Remembering  the  satisfaction 
with  which  these  appointments  were  regarded  I  feel  that 
my  address  would  be  incomplete  were  it  not  to  refer  to  the 
part  which  the  actuarial  profession  has  taken  during  the 
past  two  years  in  the  work  of  Royal  Commissions  and 
Departmental  Committees.  The  arduous  labours  of  our  late 
President,  Mr.  Geoffrey  Marks,  on  the  Royal  Commission 
on  the  Income  Tax  are  well  known  to  those  of  us  who  were  in 
close  association  with  Mr.  Marks  during  the  period,  long  in  itself 
but  short  for  a  Royal  Commission,  over  which  the  deliberations 
of  the  Committee  extended.  The  Country  has  cause  to  be  grateful 
to  the  eminent  body  of  Commissioners  who  undertook  the  heavy 
burden  of  revising  our  Income  Tax  system.  Their  Report  is  a 
great  piece  of  constructive  work,  and  the  promptitude  with 
which  their  chief  recommendations  were  incorporated  in  our 
fiscal  system  is  the  best  testimony  to  the  success  which  they 
achieved.    It  cannot  be  expected  that  taxation  in  itself  will 
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ever  be  otherwise  than  disagreeable  to  its  victims,  but  it  is  a 
great  thing  to  remove  those  inequalities  in  the  incidence  of 
taxation  which  create  real  grievances.  I  am  not  bold  enough  to 
predict,  and  certainly  Mr.  Marks  would  not  desire  it  of  me.  that 
inequalities  will  not  reveal  themselves  in  the  new  system.  But 
I  venture  the  opinion  that  the  Roval  Commission  has  found  a 
system  which,  to  take  a  criterion  which  they  adopted,  satisfies 
"  the  common  sense  and  instinctive  judgment  of  the  people." 
I  cannot  forbear  a  reference  to  the  elegance  of  the  various  curves 
of  taxation  which  result  from  the  application  of  essentially 
practical  methods  of  deductions  and  allowances  from  income 
in  differing  circumstances.  It  must  have  entertained  Mr.  Marks 
when  working  at  the  scheme  with  his  colleagues,  to  discover 
how  effective  a  graduation  could  be  secured,  in  the  particular 
case  before  him  without  resort  to  those  scientific  processes 
which  it  has  been  our  delight  to  explore  in  Staple  Inn  Hall. 

I  ought,  perhaps,  as  the  President  of  a  scientific  body,  to 
express  a  conventional  sympathy  with  the  views  of  those  who 
regret  that  no  use  has  been  made  of  mathematical  methods.  I 
am  afraid  I  cannot  do  so.  It  may  be  true,  as  an  eminent  professor 
suggests,  that  the  general  public  are  satisfied  to  read  the  dial  of 
a  town  clock  without  going  behind  to  inspect  the  works,*  but  I 
cannot  join  in  the  inference  that  taxpayers  "  are  concerned  only 
with  the  amount  that  each  has  to  pay  "  and  are  uninterested  by 
the  mechanics  of  the  scheme.  With  the  practical  wisdom  of  men 
of  affairs  the  Commissioners  have  chosen  the  better  way  ! 

When  I  come  to  other  enquiries  upon  which  our  profession 
has  been  represented  I  approach  something  of  a  dilemma.  In 
the  circumstances  of  official  life  it  has  fallen  to  me  to  take  some 
part  in  these  activities,,  and  under  all  ordinary  conditions  I 
should  be  constrained  to  avoid  the  topic.  But  the  opportunities 
which  come  to  our  profession  to  contribute  to  the  solution  of 
problems  of  public  administration  must  always  be  of  interest  to 
us  and.  if  only  as  a  matter  of  historical  record,  the  Presidential 
address  should  include  some  reference  to  them.  It  is  from  this 
point  of  view  that  I  propose  to  deal  with,  certain  recent  cases. 

The  Royal  Commission  on  Decimal  Coinage t  included  three 
actuaries  among  its  22  members,  and  the  importance  not  less 
than  the  variety  of  the  actuarial  considerations  which  arose  in 
the  course  of  its  work,  and  are  dealt  with  in  the  Report,  emboldens 

*  Kdgewortli,  Economic  Journal,  Sept.  1920.  p.  400. 
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me  to  say  that  the  profession  was  not  over-represented.  The 
active  share  taken  by  Mr.  Marks  and  Sir  Joseph  Burn  in  the 
proceedings  of  the  Commission  is  indicated  by  the  published 
evidence.  The  history  of  the  movement  for  placing  our 
currency  upon  a  decimal  basis  is  a  long  one  and  few 
controversies  make  more  interesting  reading.  It  is  scarcely 
too  much  to  say  that  all  that  man  could  do  to  promote  a  project 
of  which  he  was  enamoured  was  done  by  Professor  De  Morgan 
for  decimal  coinage  sixty  years  ago,  and  it  is  evident  from  the 
early  volumes  of  our  Journal  that  his  views,  and  those  of  his 
associates,  exercised  a  powerful  influence  upon  the  actuaries 
of  their  day.  In  the  long  period  which  has  since  elapsed,  the 
penny  has  gained  in  importance  in  many  directions,  and  im- 
measurably so,  for  example,  in  the  case  of  industrial  assurance, 
in  which  it  stands,  undoubtedly,  for  a  definite  fraction  of  the 
gold  sovereign  and  in  that  capacity  governs  fifty  million  contracts. 
It  would  be  useless  to  speculate  as  to  what  the  attitude  would  have 
been  to-day  of  those  who  promoted  the  decimal  system  in  the 
middle  of  the  nineteenth  century.  I  do  not  claim  greater 
wisdom  for  ourselves  than  for  the  able  men  in  our  profession,  or 
associated  with  it,  who  threw  themselves  with  such  ardour  into 
the  battle  then  raging.  But  it  is  permissible  to  express  a  measure 
of  relief  in  the  fact  that  on  the  present  occasion  the  actuarial 
profession  was  uncommitted  to  particular  theories  and  that 
those  among  us  who  were  called  to  serve  on  the  Royal  Commission 
were  unembarrassed,  in  the  exercise  of  their  judgment  on  the 
evidence,  by  any  prior  declaration  of  supposed  corporate 
views.  We  shall  do  well  to  keep  the  significance  of  this  fact 
before  us.  The  Institute  has  rightly  attained  to  great  influence, 
and  that  this  shall  be  upheld  it  is  incumbent  on  us  to  see  that  the 
weight  of  its  authority  is  never  lightly  accorded.  I  have  known 
debatable  projects  other  than  decimal  coinage  in  regard  to 
which  it  has  been  too  easily  assumed,  outside  these  walls,  that 
actuarial  opinion  must  needs  support  particular  views. 

The  Departmental  Committee  on  the  Superannuation  of 
Local  Government  Officers*  was  called  upon  to  investigate  a 
question  of  public  importance  on  which  we  speak  with  special 
authority,  and  it  was  fitting  that  the  Institute  should  be  directly 
represented  on  the  Committee  as  it  was  in  the  person  of 
Mr.  Elderton.  It  is  seldom,  I  imagine,  that  a  Departmental 
Committee  can  have  found  itself  so  frequently  in  contact  with 

*  Report,  Pari.  Paper,  Cmd.  329. 
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actuarial  problems  in  both,  their  theoretical  and  practical  aspects, 
and  I  think  I  can  say  for  Mr.  Elderton  and  myself  that  we  shall 
not  easilv  lose  the  recollection  of  the  tasks  imposed  upon  us  by 
the  zeal  of  our  colleagues.  In  its  masterly  survey  of  a  subject 
of  singular  complexity  the  Report  owes  much  to  the  chairman, 
Mr.  R.  C.  Norman,  then  Chairman  of  the  London  County  Council, 
but  as  the  matter  is  to  be  dealt  with  by  legislation  and  has  not 
yet  wholly  emerged  from  the  controversial  stage,  it  would  be 
unfitting  for  me  to  comment  upon  the  many  points  of  actuarial 
interest  which  the  Report  explores.  I  should  like,  however,  to 
suggest  that  having  regard  to  the  great  number  of  authorities 
and  of  their  employees  whom  the  project  affects,  we  should  be 
rendering  some  service  to  the  public  interest  were  we  to  debate 
the  general  subject  here.  It  would  be  egotistical  to  imagine 
that  there  is  no  room  for  differences  of  actuarial  opinion  on  some 
of  the  questions  treated  by  the  Report  and  a  debate  initiated 
by  one  of  those  actuaries  who  have  acquired  special  experience 
in  the  finance  of  Municipal  Superannuation  Funds  could  not 
fail  to  be  profitable  to  ourselves  as  well  as  beneficial  to  the 
community. 

The  possibility  of  forthcoming  legislation  also  precludes  any 
detailed  reference  to  the  Report  of  the  Departmental  Committee 
on  Workmen's  Compensation.*  But  allusion  may  be  permitted 
to  the  part  which  actuarial  considerations  must  play  in  the 
settlement  of  future  premiums  if  the  proposals  of  the  Committee 
are  adopted,  and  especially  if,  as  the  Committee  recommend, 
the  business  of  insurance  against  Workmen's  Compensation 
risks  is  given  a  compulsory  foundation.  I  hope  I  shall  offend 
no  susceptibilities  when  I  say  that  in  the  course  of  my  work 
upon  the  Committee  I  was  impressed  by  the  limited  part  that 
actuarial  science  had  heretofore  taken  in  the  conduct  of  this 
branch  of  insurance.  To  mention  a  single  point  on  which  our 
science  might  be  helpful  it  would  be  of  great  advantage,  I  am 
convinced,  to  all  concerned  if  the  collection  and  analysis  of  the 
statistics  on  which  the  companies  base  their  rates  were  actuarially 
supervised.  Lest  I  should  be  misunderstood  by  any  of  our  friends 
of  the  accident  offices  who  may  chance  to  read  my  remarks,  I 
hasten  to  say  that  I  am  not  inviting  them  to  submit  to  such 
elaborations  as  in  the  case  of  the  State  of  California  have  produced 
a  schedule  of  disablement  allowances  providing  for  12,711,240 
different  cases.    We  may  doubtless  accept  the  statement  that 

*  Report,  Pail.  Paper,  Cind.  SI 6. 
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these  disablement  ratings  "  have  been  carefully  computed  and  • 
"  made  readily  understandable  by  a  person  mentally  competent 
"  to  find  in  a  railroad  time-table  when  a  train  leaves."  But  given 
a  series  of  events,  the  probability  of  the  occurrence  of  each  of  them 
is  a  not  unimportant  element  in  the  premium  to  cover  the  risk 
undertaken  by  the  insurer.  Information  unfortunately  stops 
short  at  this  point  and  one  is  left  wondering  whether  the  whole 
transaction,  from  the  calculation  of  the  premium  to  the  assess- 
ment of  the  emerging  claims,  is  as  severely  scientific  as  we  might 
be  tempted  to  imagine. 

The  subject  of  Workmen's  Compensation  has  not,  I  think, 
been  before  us  since  Mr.  Penman  gave  us  his  valuable  paper — 
which  led  to  an  excellent  discussion — in  1910.  Subject  always 
to  the  disturbance  caused  by  the  war,  I  cannot  but  feel  that  many 
questions  then  indeterminate  should  now  be  nearer  solution 
by  actuarial  methods,  and  that,  especially,  the  principles  governing 
the  assessment  of  reserves  for  incumbent  liabilities  could  again 
be  profitably  explored.  With  this  I  would  add,  as  a  fitting  subject 
for  actuarial  discussion,  the  proposals  of  the  Committee  as  to 
re-insurance  of  the  liability  for  children's  allowances  in  cases  of 
fatal  accident. 

The  Report  of  the  Departmental  Committee  on  Old  Age 
Pensions*  which  has  been  followed  by  legislation  adding  sub- 
stantially to  the  rates  of  pension  and  to  the  charge  upon  the 
National  Exchequer,  will  probably  be  of  chief  interest  to  actuaries, 
in  their  professional  capacity,  by  reason  of  the  recommendation 
of  the  Committee  that  enquiry  should  be  instituted  into  the 
possibility  of  so  developing  and  extending  the  present  system 
of  National  Insurance  as  to  make  adequate  provision,  under  that 
system,  for  all  cases  of  invalidity  and  disability  arising  before 
the  age  of  70.  In  this  the  Committee  found  a  difficult  subject 
and  prudently  left  it  for  extended  examination  at  hands  un- 
trammelled by  the  general  question  which  was  their  immediate 
•care.  It  is  clear  that  action  in  the  direction  indicated  by  the 
Committee  would  have  to  be  preceded  by  a  good  deal  of  research 
work,  and  the  question  seems  to  be  one  in  which  the  initiative 
might  well  be  taken  by  private  effort,  prepared  equally,  in  a 
scientific  spirit,  for  negative  as  for  positive  conclusions.  I 
commend  the  subject  to  any  courageous  young  actuary  who  may 
be  disposed  to  survey  the  growing  ramifications  of  our  system 
of  public  assistance.    In  the  course  of  his  studies  he  should  by 

*  Pari.  Paper,  Cmd.  410. 
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no  means  neglect  the  bold  experiments  which  have  been  made 
by  various  of  the  Dominions. 

The  usually  quiet  surface  of  our  professional  life  has  been 
somewhat  ruffled  by  the  Report  of  the  Departmental  Committee 
on  the  system  of  Industrial  Assurance.*  We  have  discussed 
the  subject  in  general  meeting,  and  very  definite  interest  has 
been  displayed  in  those  points  of  actuarial  practice  which  the 
Report  has  raised.  The  Institute  is  not  concerned.,  in  my 
opinion,  in  the  questions  of  business  policy  and  administration 
which  the  Departmental  Committee  have  examined,  and  no 
reason  other  than  this  is  required  to  lead  to  the  exclusion  of 
these  embarrassing  topics  from  our  debates.  But  on  matters 
affecting  actuarial  practice  the  position  is  otherwise,  and  in  my 
judgment  the  Institute  should  be  prepared  to  continue  the 
discussions  already  initiated,  with  the  purpose  of  eliciting  the 
trend  of  professional  opinion. 

It  is  many  years  since  a  President  surveying  the  opportunities 
of  useful  work  that  lay  open  to  the  Institute  included  "  the 
"  interesting  question  of  industrial  insurance  so  far  as  concerns 
"  the  actuarial  principles  and  processes  obtaining  in  its  adminis- 
"  tration.  about  which  very  little  is  known. ??| 

What  at  that  day  was  "  interesting'  '"  has,,  with  the  subsequent 
expansion  of  the  business  of  industrial  assurance,  become  of 
extreme  importance,  and  the  professional  responsibilities  of 
those  of  our  body  who  are  associated  with  the  great  industrial 
companies  are  not  to  be  distinguished  from  those  of  any  other 
class  of  our  members.  Can  it  be  said  that  we  have  devoted  a 
due  share  of  the  time  of  the  Institute  to  the  special  problems 
and  the  difficulties  that  some  of  them  have  to  meet  \  If  the 
answer  is  in  the  negative  those  immediately  concerned  must 
take  a  share  of  the  blame,,  since  in  the  ordinary  course  we 
can  only  discuss  what  is  submitted  to  us.  and  papers  upon 
industrial  assurance  problems  have  been  rare.  But  wherever 
the  fault  lies  the  fact  remains  that  upon  many  questions  affecting 
the  valuation  of  industrial  assurance  companies,  as  for  instance, 
the  'growing  divergency  of  the  rates  of  mortality  from  the 
favourite  English  Life  Xo.  3  Table,  the  allowance  to  be  made 
for  future  expenses,  and  the  proper  treatment  of  "  negative 
values",  or  of  dubious  assets  appearing  in  the  balance  sheets  of 
certain  companies,  there  is  no  authoritative  body  of  professional 

*  Pari.  Paper,  CmcL  614. 
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opinion  to  which  an  actuary  confronted  by  difficulties  can  appeal 
for  guidance.  Our  transactions  are  equally  silent  on  matters 
such  as  the  action  properly  to  be  taken  in  the  various  circumstances 
in  which  a  deficiency  may  appear  on  the  valuation  of  an  industrial 
office,  or  the  points  to  which  an  actuary  should  address  himself 
when  professionally  consulted  with  regard  to  a  proposed  transfer 
of  the  engagements  of  such  an  office.  These  lacunce  in  the  volume 
of  recorded  actuarial  opinion  are  regrettable,  and  in  my  opinion 
react  seriously  upon  the  applicability  to  industrial  assurance 
of  the  principles  of  State  supervision  which  are  familiarly 
summarized  in  the  maxim  "  freedom  with  publicity."  Publicity 
is  only  a  safeguard  when  translated  into  terms  of  active  and 
competent  criticism  based  upon  knowledge.  It  is  our  task,  I 
submit,  to  encourage  such  debates  in  this  Hall  upon  the  actuarial 
problems  of  industrial  assurance  as,  by  the  interchange  of  ideas 
and  the  subjection  of  personal  views  to  the  discipline  of  examina- 
tion, will  yield  a  body  of  professional  doctrine  for  the  guidance 
of  the  practitioner  and  the  education  of  the  critic. 

Having  resumed  our  sessional  meetings  we  look  to  our 
members  to  contribute  papers  for  discussion.  Apart  from 
contributions  on  the  theory  of  our  science,  the  scope  for  which 
is  possibly  diminishing — though  looking  back  on  actuarial 
history  the  prudent  man  will  hesitate  to  commit  himself  on  the 
point — there  are  many  interesting  and  important  practical 
questions  worthy  of  the  attention  of  the  actuary  and  I  propose 
to  avail  myself  of  the  license  usually  taken  by  the  President  to 
suggest  a  few  topics  for  others  to  work  upon. 

I  approach  the  subject  of  life  assurance  with  the  diffidence 
becoming  an  onlooker,  but  consideration  of  the  Board  of  Trade 
returns  suggests  that  the  special  conditions  to  which  the  business 
of  life  assurance  has  been  subjected  during  the  last  few  years 
might  well  be  brought  up  for  discussion,  and  debate  enriched  by 
the  reflections  of  those  who,  in  positions  of  high  responsibility, 
have  been  immediately  in  contact  with  weighty  problems. 

We  recollect  that  after  the  South  African  War  we  had  the 
benefit  of  a  valuable  paper  by  Messrs.  Schooling  and  Kusher 
upon  the  mortality  experience  of  the  Imperial  Forces  during  the 
war.  The  recent  struggle,  with  its  appalling  list  of  casualties, 
will  furnish  material  on  a  far  greater  scale,  and  in  relation  to 
modern  warfare,  of  a  more  suitable  character,  for  the  guidance  of 
the  actuary  desirous  of  investigating  liabilities  which  he  may  be 
invited  or,  in  some  circumstances,  may  be   constrained  to 
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undertake  in  the  course  of  business.  Recognizing  the  probabilities 
of  further  and  still  more  revolutionary  developments  in  the 
methods  of  conducting  hostilities,  it  is  nevertheless  to  be  desired 
that  our  statistics  as  to  the  recent  war  should  be  as  complete  as 
possible.  In  the  records  of  life  offices,  both  ordinary  and 
industrial,  there  must  be  information  on  the  subject  of  great 
importance.  Doubtless  this  would  require  to  be  supplemented, 
in  order  to  secure  its  maximum  statistical  utility,  by  data 
secluded  at  present  in  the  archives  of  Government  Departments. 
That  fact  should  not  deter  such  work  as  is  possible.  The 
task  of  exploring  all  is  doubtless  beyond  the  powers  of 
any  one  man,  as  the  problems  presenting  themselves  for 
investigation  are  beyond  the  scope  of  any  one  contribution  to 
our  discussions.  May  I  hope  that  those  who  have  access  to 
statistical  material  on  the  subject  and  are  free  to  do  so,  will  give 
the  Institute  the  benefit  of  their  studies  ?  In  this  connection 
I  would  express  the  hope  that,  at  no  distant  date,  there  may 
become  available  for  examination  some  digest  of  the  mass  of 
important  data  which  the  Ministry  of  Pensions  must  be  accumu- 
lating. The  statistics  as  to  widows  and  children  which  the 
Ministry  must  possess,  to  take  one  branch  only  of  its  activities, 
would  prove  of  great  value  in  the  solution  of  various  problems 
in  regard  to  which  it  is  always  difficult  to  find  relevant  data* 
I  speak  from  experience  when  I  say  that,  in  this  connection,  the 
remarriage  experience  of  the  Crimean  War  widows,  deduced  by 
our  colleague,  Sir  Joseph  Burn,  from  material  provided  by  the 
records  of  the  Patriotic  Fund,  has  been  invaluable  for  actuarial 
purposes.  "\Vhile  I  do  not  overlook  the  consideration  of  expense, 
I  do  not  hesitate  to  say  that  the  community  in  general  and 
actuaries,  as  the  expert  advisers  of  the  community  on  many 
financial  problems,  would  derive  great  advantage  from  the 
systematic  publication  of  statistics  such  as  the  records  of  the 
Ministry  of  Pensions  would  yield. 

To  revert  to  my  main  theme  I  ,would  make  the  further 
suggestion  that  in  the  financial  convulsions  which  have  produced 
so  great  a  depreciation  of  securities  and  a  correlative  increase 
in  the  rate  of  interest  (tempered,  however,  in  the  latter  case  by 
the  demands  of  the  taxing  authorities)  and  in  the  resulting 
effects  upon  reserves  and  valuation  bases,  there  is  much  to 
invite  investigation  of  old  problems  from  a  new  point  of  view. 
The  violent  derangement  of  the  foreign  exchanges  presents  another 
problem  which,  especially  in  relation  to  business  abroad  must  have 
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given  concern  to  some  of  us  and  ought  to  be  worth  examination, 
while  the  many  indications  of  anxiety  to  do  full  justice  to  classes 
of  policyholders  affected  in  different  ways  by  the  suspension  of 
bonus  distributions  suggest  a  topic  which  is  not  only  worth 
discussion  by  the  Institute,  but  is  the  easier  to  discuss  because 
so  many  of  our  colleagues  have  had  to  face  it  in  practice. 

Questions  relative  to  the  rate  of  mortality  among  annuitants 
have  assumed  a  new  prominence  with  the  continued  increase  in 
the  net  rate  of  interest  obtainable  in  the  case  of  annuity  funds. 
The  recent  revision  of  the  terms  upon  which  Government  annuities 
are  sold,  following  the  further  decline  in  the  market  value  of 
Consols,  has  not  passed  unremarked  but  has  done  no  more  than 
stimulate  an  interest  which  was  beginning  to  find  expression. 
There  seems  to  be  no  doubt  that  the  general  experience  is  to 
the  effect  that  no  existing  standard  fully  measures  the  vitality 
of  annuitants  at  the  present  time,  and  the  marked  rise  in  the 
rate  of  interest,  which  normally  might  suggest  a  reduction  in 
the  price  of  annuities,  certainly  cannot  be  considered  apart  from 
this  fact.  When  the  experience  of  annuitants  is  again  tabulated, 
I  confess  that  I  should  like  to  see  specific  attention  given  to  a 
feature  which  has  always  seemed  to  me  to  be  important,  namely, 
the  expectation  of  further  advancement  in  the  duration  of  life. 
Past  experience  must  necessarily  be  the  basis  of  our  work,  but  that 
work  relates,  as  a  rule,  to  the  future.  In  dealing  with  annuities 
or  in  the  valuation  of  pension  funds  have  we  always  paid  sufficient 
attention  from  this  point  of  view,  to  the  course  of  past  experience  ? 
The  disturbance  of  accepted  methods  is  admittedly  difficult  ,  but  it 
is  worthy  of  remark  that  Parliament  has  lately  supplied  us 
with  a  precedent  for  action  within  wider  limits  of  assumption 
than,  commonly,  we  have  hitherto  permitted  to  ourselves.  I 
refer  to  the  Welsh  Church  Act,  1914,  Schedule  4  of  which  lays 
down  the  terms  on  which  the  existing  life  interests  of  incumbents 
and  others  shall,  in  certain  circumstances,  be  commuted.  After 
fixing  the  rate  of  interest  and  the  basic  tables  of  mortality,  the 
schedule  goes  on  to  direct  that  allowance  shall  be  made  not 
only  for  the  greater  longevity  of  the  clergy  as  compared  with 
other  classes  of  the  community,  but  also  for  any  prospective 
decrease  in  the  death  rate.  This  last  requirement  has  presented 
an  interesting  actuarial  problem  to  those  who  have  had  to  deal 
with  the  Schedule  and  in  its  general  aspect  I  should  like  to  see 
it  explored  at  our  Institute,  as  a  subordinate  issue  certainly, 
but  rather  more  than  a  side  issue,  of  some  larger  investigation. 
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In  the  consideration  of  subjects  for  discussion  we  cannot 
overlook  those  developments  of  social  insurance  which  in  recent 
vears  have  done  so  much  to  widen  the  boundaries  of  our  pro- 
fessional influence.  It  is  now  nearly  ten  years  since  the  scheme 
of  National  Health  Insurance  was  submitted  to  the  House  of 
Commons  and  for  eight  years  that  scheme  has  been  in  full 
operation  associated  with  a  modest  plan  of  insurance  against 
unemployment,  which  has  just  been  extended  to  include  some 
twelve  millions  of  people  within  its  scope.  Recalling  the  acute 
political  controversies  in  which  the  Insurance  Act  was  born 
and  through  which  in  its  early  days  it  had  to  struggle,  it  is 
interesting  to  note  how  completely  it  appears  to  have  been 
accepted,  with  the  passage  of  time,  as  an  established  part  of 
our  social  system.  That  the  recent  enlargement  of  the  contri- 
butions and  benefits  under  both  schemes,  to  give  effect  to  the 
altered  value  of  the  currencv.  should  have  been  carried  through 
Parliament  without  exciting  a  vestige  of  the  old  controversies 
is  significant.  It  indicates,  I  take  it,  that  in  discussion  the 
subject  may  now  be  approached  without  uneasy  feelings  of 
political  undercurrents. 

Nothing  perhaps,  in  the  early  years  of  National  Health 
Insurance,  was  so  freely  canvassed  as  the  financial  soundness  of 
the  scheme.  It  is  a  matter  for  regret  that  conditions  due  to  the 
war  have  delayed  the  valuation  of  approved  societies,  but 
the  answers  given  to  recent  Parliamentary  Questions  indicate 
that  progress  is  being  made  and  we  may  not  have  to  wait 
long  for  information  on  a  subject  in  which  actuaries  must  be 
keenly  interested.  Having  regard  to  the  strength  of  the  original 
work  of  our  distinguished  brethren,  Sir  George  Hardv  and 
Mr.  Wyatt,  the  stabilising  amendments  for  which  Sir  Gerald 
Evan's  Committee  was  responsible  and  the  fall  of  the  claims  in 
recent  years,  as  indicated  by  the  published  reports  of  the  Depart- 
ment, we  shall  be  justified  in  awaiting  the  valuation  results  with 
some  complacency.  The  future  of  the  scheme  cannot  but  be 
influenced,  moreover,  by  the  high  rate  of  interest,  free  of  income 
tax,  obtainable  on  the  investments  of  the  large  accruing  funds. 
These  already  amounted  on  31  March  1920  to  £78,000,000. 
After  taking  into  account  depreciation,  an  element  of  possibly 
limited  importance  in  the  special  circumstances  of  the  case,  profit 
from  interest  should  become  a  substantial  factor. 

Some  general  questions  connected  with  social  insurances 
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appear  to  have  escaped  full  discussion,  and  I  think,  are  worthy 
of  our  attention,  as  persons  who  should  be  interested  in  financial 
problems.  We  have  in  each  of  the  two  existing  plans  of  State 
Insurance  a  scheme  under  which  the  contributions  are  provided 
jointly  by  employers,  by  employees  and  by  the  State.  The 
distribution  of  the  burden  among  the  three  parties  concerned 
is  not  the  same  in  both  the  schemes  nor  is  the  form  which  the  State 
contribution  takes,  though  in  the  long  run,  doubtless,  the 
substance  is  the  same.  It  is  an  interesting  speculation  as  to 
what  the  contributions  of  the  several  parties  ought,  theoretically, 
to  be  for  different  forms  of  insurance  effected  under  compulsion y 
and  whether  there  is  a  guiding  principle  by  which  Parliament 
can  direct  itself  in  such  matters.  I  realize  that  the  question 
involves  economic  doctrine,  tempered  by  the  psychology  of 
taxation,  and  that  problems  of  the  kind  are  seldom  of  the  order 
for  which  positive  solutions  can  be  found.  But  I  express  the 
opinion  that  a  discussion  of  the  economics  of  social  insurance 
with  special  reference  to  the  distribution  of  the  burden  would  at 
the  least  afford  an  attractive  intellectual  exercise. 

There  are  other  points,  more  certainly  falling  within  our 
professional  sphere,  upon  which  some  of  our  members  are 
in  a  position  to  enlighten  us.  Statistics  as  to  industrial  life 
are  far  from  complete.  We  can  get  from  the  census  an  approxi- 
mation to  the  numbers  of  employed  people  in  successive  age 
groups.  We  find  a  heavy  decrease  in  those  numbers  as  age 
advances.  We  know,  of  course,  that  mortality,  emigration, 
and,  in  the  case  of  women,  marriage,  are  operating  to  reduce  the 
numbers  employed,  while  errors  of  age,  whether  wilful  or  other- 
wise, obscure  the  clarity  of  all  censal  figures.  But  with  all  these 
factors  properly  discounted,  there  still  remain  discrepancies, 
puzzling  to  the  student  and  a  distracting  influence  in  practical 
estimates.  Approved  societies  are  in  a  position  to  add  to  our 
knowledge  in  these  matters.  Their  records,  if  tabulated  and 
analyzed,  should  throw  light  on  the  movement  of  the 
population  between  industrial  employment  and  other  vocations  ; 
equally  they  should  yield  valuable  information  as  to  the  rates  of 
sickness  prevalent  from  time  to  time  in  different  classes  of  the 
community,  while  statistics  as  to  the  contributions  paid  might 
enlighten  us  as  to  the  course  of  employment  and  the  effect  of 
age  upon  unemployment,  a  subject  to  which  much  rhetoric  has 
been  devoted  but  as  to  which  little  is  known  in  fact.  It  is 
possible  no  doubt  that  official  attention  will  from  time  to  time 
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be  directed  to  some  of  these  points,  but  official  investigations 
are  subject  to  limitations  which  do  not  apply  to  private  research, 
especially  when  the  sources  of  information  are  less  directly 
available  to  the  official  than  to  the  private  investigator.  Those 
of  our  members  who  have  access  to  facts  that  can  tell  us  much 
of  the  social  conditions  of  the  people  should  be  eager  to  use  their 
opportunity. 

The  problem  of  unemployment  has  received  little  attention 
from  our  profession  and  when  a  beginning  was  made  with  un- 
employment insurance  as  a  national  responsibility  in  1911.  the 
reports  of  Mr.  Ackland  practically  broke  new  ground  so  far  as 
actuaries  were  concerned.  May  I  express  the  hope  that  the 
Bill  of  1920  (now  an  Act),  with  the  call  which  it  made  for  further 
actuarial  work,  will  stimulate  professional  interest  in  the  subject  ( 
To  those  who  are  inclined  to  take  up  the  problems  of 
unemployment  with  special  reference  to  their  financial  incidence, 
I  would  recommend  a  preliminary  perusal  of  Sir  William 
Beveridge's  valuable  work  entitled  "  Unemployment  :  A 
Problem  of  Industry/'  Apart  from  its  absorbing  general 
interest  this  volume  indicates  in  some  degree  the  nature  of 
certain  difficulties  which  beset  the  eminent  actuaries  who  were 
asked,  some  dozen  years  ago,  to  advise  the  Royal  Commission  on 
the  Poor  Law. 

Apart  from  the  practical  troubles  in  which  an  actuarv  finds 
himself  involved  when  called  upon  to  consider  a  subject  without 
reliable  data,  a  point  upon  which  unemployment  insurance  is 
certainly  distinguished  from  most  contingencies  with  which  we 
are  required  to  deal,  there  appears  to  me  to  be  one  great  difference 
between  the  subjects  of  our  daily  work  and  unemployment 
insurance.  Whereas  in  the  former  we  have  types  of  risk  that 
increase  more  or  less  steadily  with  age  and  demand  the  constant 
growth  of  reserves  over  long  periods,  we  have,  in  unemployment 
a  risk  which  moves  in  cycles  dependent  on  the  course  of  trade. 
The  theory  of  insurance  in  regard  to  this  contingency  predicates 
the  accumulation  of  reserves  in  times  of  active  trade  and  their 
absorption  in  periods  of  stress.  In  the  practical  operation  of  a 
national  enterprise  this  may  have  awkward  reactions. 

If  the  new  scheme  of  insurance  against  unemployment  should 
operate  in  accordance  with  the  theoretical  premises — and  I  see  no 
reason  to  expect  the  contrary — we  must  be  prepared  for  cyclical 
movements  of  the  fund  of  a  kind  to  which  we  are  unaccustomed 
in  any  other  form  of  insurance.    This  may  be  accompanied 
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by  some  degree  of  popular  misapprehension,  leading  at  one 
time  to  demands  for  extension  of  benefits,  and  at  another  to 
vaticinations  as  to  a  coming  collapse,  both  equally  unreasonable. 
Actuaries  will  do  good  service  to  the  public  if  they  will  interest 
themselves  in  unemployment  insurance  from  their  own  special 
point  of  view,  and  assist  in  the  dissemination  of  sound  knowledge 
as  to  its  financial  characteristics. 

The  Ministry  of  Labour  is  another  department  which,  if  only 
through  its  administration  of  the  Unemployment  Insurance 
Act,  should  be  able  to  contribute  statistics  relative  to 
social  conditions.  The  rule  which  limits  unemployment  benefit 
during  the  insured  life-time  of  the  contributor  to  one  week  for 
every  six  contributions  he  has  paid  makes  it  necessary  to  keep 
a  running  account  in  respect  of  the  contributions  and  benefits 
of  each  person  among  the  millions  brought  under  the  scheme, 
and  with  the  record  available  of  the  industry,  and  the  particular 
occupation  in  that  industry,  in  which  each  person  is  engaged, 
the  Ministry  will  find  itself,  in  the  course  of  time,  in  the  possession 
of  a  volume  of  facts  rivalling  that  presented  by  a  census,  while 
affording  a  wealth  of  details  as  to  industrial  conditions  to  which 
no  census-taker  could  aspire.  We  actuaries  have  more  than  a 
general  interest  in  statistics  such  as  these  records  would  yield. 
They  would  give  us  the  material  for  the  solution  of  some  of 
the  new  problems  which  we  must  expect  in  the  gradual  expansion 
of  our  professional  work. 

It  is  perhaps  worth  mention  that  the  Unemployment  Insur- 
ance Act  opens  out  the  prospect  of  some  measure  of  interesting 
employment  for  our  profession.  I  refer  to  the  provisions  of 
the  Statute  under  which  in  lieu  of  insurance  through  the  general 
scheme  any  industry  may,  under  certain  conditions,  set  up  a 
scheme  of  unemployment  insurance  for  itself  or  may  adopt  a 
supplementary  scheme.  The  benefits  provided  by  a  special 
scheme,  though  not  less  favourable,  may  be  widely  different 
from  those  of  the  Act  and  may  include  provision  for  partial 
unemployment,  such  as  "short-time"  and  loss  of  wages  through 
exceptional  conditions.  I  imagine  that  sooner  or  later  the  pro- 
visions as  to  special  and  supplementary  schemes  will  enjoy  a 
certain  amount  of  popularity,  but  I  do  not  think  that  in  their 
financial  details  they  can  proceed  far  without  assistance  such  as, 
given  suitable  data,  the  actuarial  profession  would  be  prepared 
to  render. 

Thus  far  I  have  dealt  with  schemes  that  are  now  on  the 
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Statute  book,  but  we  have  precedents  for  the  discussion  of 
projects  of  social  welfare  before  the  stage  of  legislation  is  reached, 
I  recall  particularly  the  valuable  papers  which  were  presented 
to  us  by  the  late  Mr.  R.  P.  Hardy  "  On  the  formulae  for  deter- 
"  mining  the  value  of  benefits  according  to  the  principle  of 
'  collective  assurance  ",  and  by  Mr.  T.  E.  Young  on  "The  German 
law  of  insurance  against  invalidity  and  old  age."  Remembering 
the  profitable  discussions  which  those  papers  evoked,  there  are, 
I  think,  other  subjects  which  might,  at  their  present  stage,  be 
examined  here  in  the  same  spirit  of  scientific  enquiry.  One  of 
these  is  presented  by  the  proposal  for  "  widows'  pensions,"  a 
question  which,  naturally,  excites  much  interest  and  has  been 
the  subject  of  debate  in  Parliament.  Recent  answers  to  Parlia- 
mentary questions  indicate  that  cost  is  one,  perhaps  the  chief? 
stumbling  block,  and  actuaries  can  judge  better  than  most  people 
how  formidable  that  obstacle  is.  What  is  advocated,  apparently, 
is  something  in  the  nature  of  a  family  annuity,  continuing 
during  the  dependency  of  the  children.  It  is  doubtful  whether 
in  practice  the  problem  could  be  so  limited.  The  future  of  the 
home-keeping  mother  must,  it  seems  to  me,  be  safeguarded  after 
her  children  have  passed  beyond  her  care  and  when  through 
long  disuse,  enforced  by  the  scheme  itself,  her  industrial 
powers  have  become  atrophied.  Failing  the  acceptance  by 
the  State  of  a  huge  new  burden,  from  which  in  present 
circumstances  public  men  may  well  recoil,  is  it  possible 
that  the  problem  of  the  widow  and  orphans  is  capable  of 
treatment  by  the  methods  of  collective  assurance  I  How 
assurance  in  this  case  should  be  arranged,  whether  it  should 
be  voluntary  or  compulsory,  and  what  the  •  contributions 
for  particular  benefits  should  be  under  various  alternative 
conditions,  are  matters  well  worthy  of  the  study  of  actuaries 
and  I  commend  them  to  any  who  may  be  looking  for  an  attractive 
subject  for  research.  Even  in  its  purely  theoretical  aspect  the 
measurement  of  the  risk  here  indicated  and  the  determination 
of  a  premium  is  an  interesting  study,  regard  being  had  to  the 
present  limitations  of  the  census  material  and  the  scientific 
devices  to  which  the  actuary  must  resort  to  overcome  them. 

It  is  desirable,  I  think,  again  to  call  your  attention  to  a 
matter  which  was  dealt  with  in  the  last  Presidential  address 
and  has  acquired  additional  importance  in  the  last  two  years,  a 
period  of  greatly  rising  prices  and  consequent  adjustments, 
more  or  less  permanent,  in  scales  of  salaries  and  wages.  I 
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refer  to  the  present  situation  in  regard  to  Superannuation  and 
Pension  Funds.  We  are  familiar,  of  course,  with  the  Superannua- 
tion Funds  of  the  great  railway  companies  and  public  utility 
services,  but  the  funds  associated  with  many  important  com- 
mercial undertakings,  which  rarely  come  under  public  notice, 
are  believed  to  be  very  numerous  and  to  afford  the  hope  of 
security  in  declining  life  to  large  numbers  of  our  people.  On 
the  actuarial  problems  associated  with  these  funds  our  Journal 
contains  many  notable  papers,  and  so  far  as  methods  of  valuation 
are  concerned  little  remains  to  be  done,  though  there  is  still 
scope  for  original  work  in  one  or  two  directions.  In  regard, 
for  instance,  to  the  rates  of  mortality  among  pensioners  and  the 
extent  to  which  select  functions  should  be  used  in  the  valuation 
of  disablement  pensions,  we  still  lack  authoritative  pronounce- 
ments based  upon  full  investigation.  But  points  such  as 
this  cannot  take  rank  in  importance  with  recent  developments. 
The  system  under  which  both  contribution  and  pension  are  based 
upon  the  salary  of  the  individual  was  never  without  its  difficulties, 
as  every  actuary  who  has  undertaken  the  responsible  work  of 
advising  on  the  position  of  superannuation  funds  will  testify. 
The  system  assumed  that  the  scales  of  emolument  would  be 
stable  and  would  also  govern  the  pensions  when  these  enured. 
The  assumption  was  not  always  realized,  but  the  basis  was 
fairly  stable,  and  the  difficulties  which  arose  were  generally 
capable  of  adjustment  With  the  great  increase  of  salaries  and 
wages  in  recent  years  a  new  situation  has  arisen,  and  an  altered 
standard  of  future  pensions  has  to  be  recognized.  It  is  true 
that  future  contributions  will  also  follow  the  general  rise  in 
emoluments,  but  whence  is  the  corresponding  increment  to  the 
reserves  to  be  obtained  ?  So  far  from  this  being  in  sight  it  is 
at  least  probable  that,  in  some  cases,  a  serious  depreciation  of 
the  securities  representing  existing  funds  has  to  be  faced.  Some 
little  comfort  is  to  be  derived,  no  doubt,  from  the  fact  that 
substantially  higher  rates  of  interest  may  be  looked  for  in  the 
future  while  the  position  as  to  the  contributions  for  new  entrants 
may  even  have  been  improved.  But  the  value  of  these  factors 
should  not  be  exaggerated.  In  the  coming  adjustments  delicate 
and  difficult  questions  must  arise  as  to  the  apportionment  of 
new  burdens  between  employers  and  employed.  The  need  for 
skilled  actuarial  assistance  will  be  insistent,  and  our  profession 
should,  in  my  judgment,  be  preparing  itself  by  frank  discussion 
of  the  problem  among  ourselves.    I  have  reason  to  understand 
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that  during  the  coming  session  we  shall  have  at  least  one  paper 
which  will  give  us  the  opportunity  of  surveying  this  thorny 
field.  One  other  point  impresses  itself  forcibly  upon  me.  I 
apprehend  that  the  disclosure  of  serious  valuation  results  will 
be  followed  by  an  outburst  of  the  criticisms  of  actuarial  methods 
and  conclusions  which  to  a  certain  type  of  mind  are  so  much 
better  than  facing  the  real  issue.  Such  a  situation  may  call 
for  a  demonstration  of  those  principles  of  professional  loyalty 
and  support  of  which  the  development  is  undoubtedly  one  of 
the  chief  purposes  of  the  Institute. 

The  actuarial  profession  has  always  taken  a  special  interest, 
for  obvious  reasons,  in  the  decennial  censuses  of  the  population 
of  the  United  Kingdom,  and  many  things  combine  to  stimulate 
this  interest  in  regard  to  the  census  to  be  taken  in  the  spring  of 
next  year.  We  have  been  gratified  by  the  opportunity  given 
to  us  by  the  authorities  to  express  our  views  as  to  the  items 
which  should  be  included  in  the  Householder's  Schedule.  We 
hope  that  we  may  be  permitted  to  make  representations  as  to 
the  form  in  which  the  facts  shall  be  tabulated  and  presented. 
We  remember,  with  satisfaction,  that  on  the  occasion  of  the 
last  census  certain  parts  of  the  work  and  notably  the  preparation 
of  the  national  life  tables  were,  for  the  first  time,  placed  in  the 
hands  of  a  member  of  our  profession,  and  we  regard  with  both 
respect  and  admiration  the  results  of  Mr.  George  King's  labours 
in  this  connection.  It  is  at  least  unlikely  that  the  preparation 
of  the  forthcoming  and  future  life  tables  will  be  entrusted  to 
other  than  actuarial  hands,  while  as  regards  the  subject  in  its 
wider  aspect  the  profession  will  learn  with  pleasure  that  a  Fellow 
of  the  Institute  is  acting  as  secretary  to  the  official  body  charged 
with  the  preliminary  work  and  the  general  oversight  of  the 
census. 

Our  J oumal  contains  many  references  to  the  census  and  the 
subject  has  been  frequently  debated  among  us,  the  last  occasion 
of  formal  discussion  on  the  general  question  having  been,  I 
think,  in  1901,  when  we  had  before  us  a  valuable  paper  by 
Sir  Gerald  Ryan,  entitled  "  The  Case  for  Census  Reform."  In 
these  circumstances  it  is  unnecessary  for  me  to  apologize  for 
bringing  to  your  notice  the  Census  Act,  1920,  which  is  the 
authority  for  the  census  of  1921.  Differing  from  previous 
measures  of  the  land,  this  Act  is  permanent  in  its  operation,  and 
it  will  no  longer  be  necessary  for  a  separate  Act  to  be  obtained 
in  respect  of  each  decennial  census.    The  authority  to  take  a 
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particular  census  will  be  derived,  in  future,  from  an  Order  in 
Council,  made  under  the  Act  of  1920,  and  duly  laid  before 
Parliament.  The  limitation  of  the  Act  that  an  Order  shall  not 
be  made  at  shorter  intervals  than  five  years  indirectly  marks  a 
great  advance  upon  the  previous  practice,  since  it  gives  authority 
for  that  quinquennial  enumeration  for  which  all  who  have  to- 
deal  seriously  with  statistics  have  long  pleaded.  In  view  of 
the  cost  of  a  census  and  of  the  time  absorbed  by  the  tabulation 
and  presentation  of  its  results,  it  is  reasonable  to  doubt  whether 
the  full  enquiry  to  which  we  are  accustomed  will,  or  need  be 
repeated  at  shorter  intervals  than  ten  years,  as  heretofore,  but 
the  power  to  make  even  a  limited  enumeration  of  the  people  at 
intervals  of  five  years  should  be  of  great  value.  It  is  also  worthy 
of  note  that  a  census  may  be  authorized  at  any  time  in  respect 
of  the  population  of  a  local  area.  The  expense  of  such  a  census 
will  be  borne  by  the  local  authority,  at  whose  instance  it  must  be 
taken. 

The  provision  of  permanent  censal  machinery  raises  wider 
questions,  as  to  the  proper  scope  of  a  census,  than  might  have 
presented  themselves  in  regard  to  a  single  enumeration.  The 
matters  on  which  enquiry  may  be  made  are  contained  in  the 
Schedule  to  the  Act,  and  on  such  familiar  and  essential  points  as 
name,  age,  sex,  occupation,  condition  as  to  marriage,  &c,  the 
Act  provides  that  the  Order  in  Council,  if  not  objected  to  by 
either  of  the  Houses  of  Parliament,  shall  confer  the  necessary 
authority.  But  a  different  procedure  is  laid  down  with  regard 
to  certain  powers  on  the  proper  use  of  which  actuaries  and 
statisticians  will  certainly  be  disposed  to  lay  great  stress.  These 
provide  that  enquiries  may  be  made  as  to  "  any  other  matters 
"  with  respect  to  which  it  is  desirable  to  obtain  statistical 
"  information  with  a  view  to  ascertaining  the  social  or  civil 
"  condition  of  the  population",  and  authority  to  use  these  powers 
must  be  conferred  by  specific  resolution  of  both  Houses  of 
Parliament.  It  is  interesting  to  observe,  in  this  connection, 
that  the  draft  Order  which  was  recently  laid  in  regard  to  the 
Census  of  1921  proposes,  with  the  assent  of  Parliament,  to  use 
the  special  powers  for  two  purposes.  The  first  is  to  obtain 
particulars  as  to  the  number  and  ages  of  all  living  children,  and 
step-children,  under  16  years  of  age  in  respect  of  married  men. 
widowers  and  widows.  The  second  is  to  ascertain  whether  each 
of  the  parents  of  an  enumerated  child  is  living  or  dead. 

I  have  no  doubt  that  actuaries  will  be  unanimous  in  the 
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view  that  particulars  such  as  these  are  essential  to  a  complete 
study  of  the  condition  of  the  people.  The  tabulation  of 
statistics  of  families  in  relation  to  locality,  to  the  ages  of  parents 
and  to  the  industries  and  occupations  of  the  parents,  would 
obviously  supply  a  notable  addition  to  our  scientific  equipment, 
and  on  this  ground  alone  would  command  our  assent.  But 
this  apart,  we  are  prepared  to  take  our  share  in  all  statistical 
investigations  which  can  add  to  the  public  knowledge  on  matters 
affecting  the  welfare  of  the  community,  and  the  collection  of  any 
material  tending  to  increase  our  capacity  in  this  direction  will 
receive  our  warm  support. 

It  is  proposed  by  the  draft  Order  that,  on  the  present  occasion, 
age  shall  be  stated  in  "  years  and  months  "  instead  of  in  "  years  " 
only.  I  do  not  take  this  to  indicate  a  desire  for  meticulous 
detail,  but  rather  to  represent  an  effort  to  overcome,  by  suggestion, 
the  tendency  to  loose  and  inaccurate  statement  of  ages  which  has 
hitherto  been  an  exasperating  feature  of  censal  work,  and  in 
actuarial  opinion  has  reflected  seriously  upon  the  authority  of 
successive  National  Life  Tables.  Assuming  this  to  be  its  purpose 
the  new  proposal  will  be  endorsed  by  actuaries,  who  will  be 
keenly  interested  in  its  outcome. 

Section  5  of  the  new  Census  Act  is  worth  quotation  in  full. 
It  is  to  the  following  effect  : 

"  It  shall  be  the  duty  of  the  Registrar-General  from  time 
"  to  time  to  collect  and  publish  any  available  statistical 
"  information  with  respect  to  the  number  and  condition  of 
"  the  population  in  the  interval  between  one  census  and 
"  another,  and  otherwise  to  further  the  supply  and  provide 
"  for  the  better  co-ordination  of  such  information,  and  the 
Registrar-General   may   make    arrangements   with  any 
Government  Department  or  local  authority  for  the  purpose 
"  of  acquiring  any  materials  or  information  necessary  for 
the  purpose  aforesaid." 
The  powers  conferred  upon  the  Registrar-General  by  this  Section 
would  appear  to  open  up  the  possibility  of  a  great  extension  of 
the  utility  of  the  statistical  side  of  his  Department.    It  seems 
reasonable  to  hope  that  by  co-operation  between  the  Registrar- 
General  and  other  public  authorities  we  may  obtain  hereafter 
in  systematized  and  co-ordinated   fashion  a   great    deal  of 
statistical  information  which  has  not  been  available  in  the  past, 
or  has  made  its  appearance  under  conditions  such  as  to  detract 
materially  from  its  value  for  research  purposes. 
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From  this  brief  summary  of  the  provisions  of  the  Census  Act 
it  will  be  seen  that  the  Act  marks  a  distinct  step  forward  and 
goes  a  long  way  to  meet  the  criticisms  which  have  been  levelled 
against  the  arrangements  which  have  hitherto  been  in  force. 
In  this  connection  it  is,  I  think,  important  to  recognize  that  the 
question  as  to  what  a  census  should  include  is  viewed  from 
various  angles  by  different  people.  It  is  fitting  that  actuaries 
should  have  definite  ideas,  well  in  advance  of  those  of  the  general 
community,  on  this  subject,  and  it  is,  perhaps,  inevitable  that 
when  the  scope  of  the  census  falls  short  of  our  ideals  the  criticisms 
in  which  we  are  prompted  to  indulge  should  be  aimed  at 
the  departmental  officials,  who  are  supposed  to  be  responsible 
generally  for  the  whole  scheme  of  the  census  and  specially 
responsible  for  its  shortcomings.  To  those  who  hold  that  view 
I  would  recommend  perusal  of  the  debates  in  the  House 
of  Commons  on  the  Census  Bill  of  1920.  I  do  not  think, 
and,  if  I  did.  it  would  be  improper  for  me  to  suggest,  that  the 
Act,  as  passed,  imposes  any  limitations  of  an  unreasonable 
kind  upon  those  whom  it  is  the  fashion  to  label  the  bureaucracy. 
But  while  the  Act  provides  means  for  obtaining  a  comprehensive 
statement  of  the  condition  of  the  people,  such  as  a  census 
ought  to  yield,  the  debates  show  that  members  of  Parlia- 
ment are  closely  interested  in  the  subject,  suspicious  of 
ambiguous  phrases  and  determined  to  oppose  anything 
that  savours  of  intrusion  into  the  private  affairs  of  the 
citizen.  For  one  reason  or  another  the  State  has  invaded 
this  domain  so  much  in  recent  years  that  one  seems  to  be 
carried  back  a  generation  or  more  in  reading  the  debates  on  the 
Census  Bill.  It  is,  nevertheless,  right  that  the  representatives 
of  the  people  should  be  sensitive  as  to  the  nature  of  the  enquiries 
proposed  to  be  made  in  the  census.  I  only  mention  the  matter 
here  to  lay  stress  on  the  fact,  which  I  think  has  sometimes  been 
forgotten,  that  when  statisticians  put  up  demands  they 
should,  in  justice  to  ministers  and  officials,  remember  that 
their  proposals,  if  adopted,  will  have  to  be  justified  to  Parliament, 
and  must  be  supported  by  evidence  of  real  need. 

It  will  not,  perhaps,  be  out  of  place  to  remind  you  that 
between  taking  the  census  and  preparing  for  the  tabulation  of 
its  more  refined  products,  some  little  time  elapses  which  should 
be  turned  to  advantage  by  those  who  are  specially  interested. 
The  classification  of  the  facts  with  reference  to  industry,  occu- 
pation, conjugal  status,  dependency  and  the  like,  offers  a  wide 
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field  for  exploration  and  discussion.  To  obtain  data  for  the 
solution  of  problems  coming  before  us  in  our  practice,  many  of 
us  must  have  had  occasion  to  resort  to  the  numerous  volumes 
in  which  the  results  of  the  census  are  published.  Others  of  us 
are  keenly  interested  in  social  questions  for  the  advancement 
of  which  we  have  found  it  necessary  to  refer  to  censal  reports. 
It  would  be  affectation  to  pretend  that  we  have  always 
found  what  we  wanted  and  we  have  often  been  inclined  to 
think  that,,  within  the  limits  of  the  facts  gathered,  something 
more  might  have  been  given  to  the  world  with  little  additional 
trouble.  May  I  suggest  to  this  meeting  the  possibility  of  another 
discussion  upon  the  subject  of  censal  tabulation.  A  paper  of 
modest  scope,  if  promptly  submitted,  would  afford  an  adequate 
basis  for  debate. 

My  remarks  may  fittingly  close  with  a  reference  to  the 
recent  labours  of  the  Institute  on  behalf  of  the  Royal  Patriotic 
Fund  Corporation.  We  have  for  many  years  undertaken  the 
actuarial  work  required  by  the  Corporation,  accepting  the  duty 
as  a  privilege  and  an  opportunity  to  acknowledge  our  share 
of  the  debt  which  the  country  owes  to  those  who  fought  and 
died  in  its  service  in  the  Victorian  era.  Under  the  influence  of 
the  Great  War  the  public  conscience  has  awakened  more  full}'  to 
its  duty  to  those  who  have  fought  its  battles,  and  with  the 
substantial  provision  for  the  sufferers  made  by  the  State  it  is 
no  longer  necessary  to  appeal  to  private  benevolence.  But  the 
Eoyal  Patriotic  Fund  Corporation,,  under  the  Presidency  of 
H.R.H.  The  Duke  of  Connaught,  continues  to  administer  the 
honourable  trust  handed  down  to  it  from  the  last  generation,, 
and  the  membership  of  the  Corporation,  conferred  by  statute 
upon  the  President  of  the  Institute,,  is  one  of  the  most  highly 
prized  attributes  of  the  occupancy  of  this  Chair.  It  is  a  matter 
for  deep  satisfaction  that  during  the  last  two  years  the  Institute 
has  been  able  to  give  its  assistance  in  the  heavy  work  of  revising 
the  pensions  and  allowances  paid  by  the  Corporation,  a  task 
imposed  by  economic  conditions  which  must  have  severelv 
affected  the  recipients  of  small  pensions.  It  is  only  fitting 
that  I  should  add  that  in  my  attendances  at  the  Committees  of 
the  Corporation  on  which  your  President  serves,  I  have  been 
impressed  by  the  reality  of  the  duties  and  especially  by  the 
great  influence  which,  in  a  difficult  period  of  financial  adjustment, 
wa<  exercised  by  my  predecessor. 
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On  a  Short  Method  of  Constructing  Select  Mortality  Tables.  By 
George  King,  F.I.A.,  F.F.A.,  F.A.S.,  Consulting  Actuary. 

[Submitted  to  the  Institute,  17  January  1921.] 

1.  An  apology  is  scarcely  required  for  explaining  an  easy 
method  of  constructing  select  mortality  tables  ;  and  it  is 
hoped  that  the  method  now  described  and  illustrated  will  prove 
useful  to  others,  and  that  they  also  will  find  that  it  gives  results 
sufficiently  accurate  for  all  ordinary  purposes. 

2.  Hitherto,  select  mortality  tables  have  been  constructed 
only  by  very  elaborate  processes  ;  and  the  amount  of  labour 
involved  is  practically  prohibitive  in  such  cases  as  occur  now 
and  then  in  actuarial  practice.  Possibly  many  actuaries  do  not 
often  require  special  tables  of  the  kind,  but  occasions  do  arise 
where  it  is  of  real  importance  to  construct  them.  This  happened 
to  me  in  respect  of  the  experience  of  the  female  annuitants  of 
the  Koyal  National  Pension  Fund  for  Nurses,  and  hence  the 
method  which  I  now  suggest  was  devised. 

3.  The  first  select  tables  constructed  for  practical  use  were 
those  of  the  late  Dr.  Sprague,  whose  loss,  so  recent,  we  have 
to  deplore  ;  and  his  method  was  set  forth  in  1878  in  great  fulness 
in  his  paper,  J.I.A.,  vol.  xxi,  p.  229.  They  were  based  upon  the 
Institute  of  Actuaries  HM  Experience,  but  that  experience  was 
complicated  by  the  fact  that  the  ages  taken  were  those  next 
birthday,  and  the  first  year  of  the  select  period  was  really  only 
half  a  year,  while  the  succeeding  years  ran  also  from  half-year 
to  half-year.  More  recent  experiences  are  not  subject  to  this 
disability. 

4.  Dr.  Sprague  took  the  HM(5)  Table  as  the  ultimate,  and 
he  made  it  a  point  to  join  on  closely  the  tables  for  the  five  years 
of  selection  with  the  ultimate  table  ;  and  this  resulted  in  the 
necessity  of  applying  a  certain  amount  of  what  may  almost  be 
called  violence  to  the  probabilities.  Frequently,  therefore,  the 
methods  have  the  appearance  of  being  empirical  and  unsatis- 
factory. Nevertheless,  under  all  the  then  circumstances,  these 
select  tables  were  a  great  success,  and  the  profession  owes  a  deep 
debt  of  gratitude  to  Dr.  Sprague  as  their  author.  Dr.  Sprague 
made  use  of  the  whole  of  the  HM  Experience  ;  but,  for  the  five 
years  of  selection,  he  grouped  the  ages  at  entry  into  periods  of 
five  years,  taking  ages  20,  25,  &c,  as  central  to  these  periods  ; 
and,  by  keeping  the  periods  quite  separate  from  each  other,  the 
results  were  made  to  depend  exclusively  on  quinary  groups  of 
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ages  ;  with  the  consequence  that  the  irregularities  in  the  data 
are  not  fully  eliminated.  It  is  almost  necessary  in  such  cases 
to  have  a  broader  basis  than  independent  quinary  groups  on 
which  to  build  the  edifice. 

5.  The  second  set  published  of  select  tables  was  that  based 
upon  the  Government  Annuity  Experience,  1883.  Only  four 
years  were  included  in  the  select  period  ;  and.  for  the  ultimate 
table,  the  qx  of  the  crude  data  was  graduated  by  TVoolhouse's 
formula ;  but  the  graduation  was  really  very  rough,  and 
Dr.  Sprague's  report  on  Graduation  included  in  the  volume  will 
be  remembered,  as  also  his  controversy  on  the  subject  with  the 
late  Mr.  Woolhouse.  For  the  select  period,  Gompertz's  formula 
was  used  in  some  way  that  has  not  been  fully  explained  ;  and 
sufficient  particulars  have  not  been  given  to  enable  an 
independent  investigator  to  reproduce  the  results. 

6.  The  British  Offices'  Experience,  1863-1893,  was  taken 
out  in  select  form,  and  the  tables  based  thereon  were  prepared 
by  the  late  Sir  G.  F.  Hardy.  These  tables  have  been  used  to 
illustrate  the  present  paper,  and  further  reference  to  them  at 
this  stage  is  unnecessary. 

7.  The  Government  Annuity  Experience,  1912,  is  another 
example  of  select  tables  on  a  large  scale.  The  ultimate  table, 
which  is  five  years  after  selection,  was  graduated  by  Makeham's 
formula  ;  and  the  select  period  tables  by  the  special  adaptation  of 
Atakeham  devised  by  Hardy  for  the  British  Offices'  Experience. 
In  the  explanatory  preface  we  are  not  supplied  with  a 
comparison  between  the  expected  deaths  and  the  actual,  and  the 
only  test  given  of  the  accuracy  of  the  tables  consists  in  the 
values  of  expectations  of  life  five  years  after  selection,  and  of 
annuities  at  the  moment  of  selection.  These  show  that,  for  the 
purpose  of  the  grant  of  whole  fife  annuities,  the  tables  could 
hardly  be  improved  upon  ;  but  there  is  nothing  really  to  prove 
that,  if  only  sections  of  the  tables  be  taken,  there  is  no  distortion 
caused  by  the  application  of  Makeham's  law  ;  and,  hence,  we 
cannot  be  quite  sure  that  it  would  be  prudent  to  base  upon  these 
tables  the  values  of  temporary  or  deferred  annuities. 

NURSES'  ExPERIEXCE. 

8.  As  already  mentioned,  the  short  method  now  submitted 
was  devised  for  the  experience  of  the  Royal  National  Pension 
Fund  for  Nurses,  and  that  experience  is  of  a  very  peculiar 
character.  The  Fund  was  established  in  1887,  and  its  business 
consists  almost  entirely  in  the  grant  of  deferred  annuities  to 
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female  nurses,  although  a  very  few  immediate  annuities  are  also 
issued.  The  great  majority  of  the  deferred  annuities  emerge 
at  the  ages  50,  55  and  60  ;  and,  during  the  deferred  term,  the 
nurses  pay  monthly  contributions,  which  are  returnable  at  any 
time  with  compound  interest  in  the  event  of  the  nurse  wishing  to 
withdraw,  or  in  the  event  of  her  death.  A  nurse  can  withdraw 
up  to  the  moment  of  the  annuity  being  entered  upon  ;  and,  no 
doubt,  if  she  at  that  time  be  in  poor  health,  she  does  withdraw. 
Hence  the  annuities,  when  they  emerge,  depend  on  select 
lives  ;  and,  of  course,  when  immediate  annuities  are  granted, 
the  lives  are  also  select. 

9.  When  the  Fund  was  started,  the  rates  of  contribution 
were  based  upon  the  Government  Female  Annuity  Tables,  1883  ; 
and  the  Council  were  very  severely  criticized  at  the  time  for 
adopting  them,  on  the  ground  that  the  nurses'  occupation  is  a 
very  arduous  one  ;  that  the  rate  of  mortality  among  them  must 
be  heavy  ;  and  that  they  were  therefore  being  asked  for  con- 
tributions very  much  in  excess  of  what  would  be  really  necessary. 
The  reply  was,  that  the  Fund  was  mutual ;  and  that,  if  it  should 
be  found  that  the  contributions  were  in  excess,  then  the  excess 
payments  would  be  returned  to  the  nurses  by  way  of  bonus. 
The  actual  experience  of  thirty  years,  however,  has  falsified  the 
prophecies  of  the  critics,  because  it  has  been  found  that,  so 
far  from  the  nurses  suffering  from  a  heavy  rate  of  mortality, 
they  really  enjoy  great  longevity.  In  Table  I  appended,  a 
brief  summary  is  given  of  the  experience.  During  the  first  ten 
years  of  the  Fund  the  number  of  annuities  in  possession  was  very 
small,  because  the  deferred  annuities  did  not  begin  to  emerge 
until  more  than  ten  years  had  passed.  Therefore,  in  Table  I, 
the  first  section  relates  to  the  first  fifteen  years  of  the  Fund,  and 
it  will  be  seen  that,  from  the  very  beginning,  the  rates  of  mortality 
were  very  low.  In  these  fifteen  years  the  actual  deaths  were 
only  63  per-cent  of  the  expected.  The  succeeding  three  sections 
of  the  table  relate  to  quinquennial  periods  ;  and,  for  the  five 
years  ending  31  December  1907,  the  ratio  of  actual  to  expected 
deaths  was  again  63  per-cent ;  while,  for  the  quinquennium 
ending  31  December  1912,  it  was  only  50  per-cent  ;  and,  for  the 
last  quinquennium,  that  ending  31  December  1917,  it  was  only 
47  per-cent.  The  ratio  for  the  whole  of  the  thirty  years  of  the 
Fund's  existence  was  only  51  per-cent  ;  and  the  low  rates  of 
mortality  were  found  to  exist  in  each  of  the  four  years  of  the 
select  period,  as  well  as  in  the  ultimate  table. 
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10.  This  result  was  so  extraordinary  that  very  careful 
investigations  were  carried  out,  to  make  certain  that  no  frauds 
were  being  perpetrated,  and  that  annuities  were  not  being  drawn 
in  respect  of  deceased  nurses  ;  and  there  can  be  no  question  that 
the  rates  of  mortality  recorded  are  perfectly  free  from  suspicion. 
A  further  proof  of  the  light  mortality  prevailing  among  the  nurses 
is  obtained  from  the  quinquennial  valuations  of  the  Fund.  At 
each  valuation,  a  calculation  was  made  to  ascertain  the  sources 
of  profit  or  loss.  On  each  occasion  a  profit  was  disclosed  ;  but 
that  was  found  to  arise  entirely  in  the  deferred  period  of  the 
aimuities  ;  and  it  was  shown  conclusively  that  the  annuities  in 
possession  resulted  in  loss,  notwithstanding  that  the  annuities 
have  always  been  valued  as  if  they  had  only  just  been  granted, 
and  that  the  rate  of  interest  assumed  was  only  2 J  per-cent. 
Nevertheless,  the  extraordinary  vitality  of  the  nurses  drawing 
annuities  swallowed  up  all  excess  interest  on  their  own  pro- 
portion of  the  funds,  and  left  a  debit  against  the  profits  from 
other  sources.  There  can  be  no  question  of  this  fact,  and  hence 
it  was  felt  to  be  very  important  to  get  out  select  tables,  and  thus 
to  learn  exactly  how  matters  stand. 

11.  The  short  method  of  constructing  select  tables  consists 
in  preparing  first  of  all  an  ultimate  table,  and  then  in  constructing 
the  select  columns  by  means  of  factors  formed  from  the  ratios 
between  the  actual  deaths  and  those  expected  by  the  ultimate 
table,  and  by  which  factors  the  ultimate  qx  is  to  be  multiplied. 

12.  For  the  nurses,  the  ultimate  table  was  taken  as  that  from 
their  own  experience  four  or  more  years  after  selection,  to  corre- 
spond with  the  Government  Tables  on  which  the  Fund's  business 
was  based.  It  is  given  in  Table  II  appended,  and  it  will  be  seen 
how,  even  in  the  ultimate  table,  the  great  weight  of  the  observa- 
tions centres  at  ages  54,  59  and  64,  these  being  the  ages  four 
years  older  than  those  at  which  the  majority  of  the  annuities 
emerge  and  come  into  possession. 

13.  To  have  taken  out  the  rate  of  mortality  age  by  age  for 
the  ultimate  table,  and  then  to  have  graduated  it,  would  not 
have  given  good  results,  as  the  material  is  very  rough.  I  tried 
my  own  method  of  constructing  mortality  tables,  that  by  gradu- 
ated pivotal  values,  and  oscillatory  interpolation,  J. I. A.,  vol. 
xliii,  pp.  109  and  167,  but  that  also  was  found  not  to  be  altogether 
suitable  in  the  present  case,  because  of  the  great  concentration 
of  the  data  at  a  few  points  of  age.  Recourse  was  therefore  had 
to  the  method  of  graduation  by  reference  to  a  standard  table. 
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the  standard  adopted  being  the  Government  1883,  Female, 
Ultimate. 

14.  The  illustrative 'ultimate  table  of  the  Australian  Mutual 
Provident  Society,  to  be  discussed  farther  on,  was  also  constructed 
by  reference,  the  0M(5)  Table  being  taken  as  the  standard  ; 
and  this  method  of  construction  by  reference  has  been  found  to 
be  so  easy,  and  so  satisfactory,  that  I  think  it  should  be  borne  in 
mind,  even  when  ordinary  mortality  tables  have  to  be  prepared. 

15.  Of  course  the  construction  of  tables  by  reference  is  no 
new  thing.  Griffith  Da  vies  adopted  it  when  he  prepared  the 
Davies'  Equitable  Table,  working  against  the  Northampton. 
Mr.  Lidstone,  in  1892,  contributed  a  most  interesting  paper  to 
the  Journal  of  the  Institute  on  the  subject,  J. I. A.,  vol.  xxx, 
p.  212.  The  principles  followed  here  are  precisely  those  of 
Mr.  Lidstone,  but  his  process,  for  reasons  which  he  explained, 
was  more  elaborate  than  mine  ;  and  I  think  that  for  ordinary 
purposes  the  plan  that  I  have  adopted  will  be  found  to  be  more 
convenient. 

16.  The  deaths  expected  by  the  Government  Ultimate 
Table  were  taken  out  for  each  age,  and  then  the  ratios  of  the 
actual  to  the  expected  deaths  were  calculated  for  decennial 
periods  40-49,  50-59,  down  to  80-89.    These  ratios  were  : 


40-49 
50-59 
60-69 
70-79 
80-89 


•1754 
•5084 
•4893 
•5164 
•6949 


17.  The  ratio  for  the  period  40-49  is  abnormally  small. 
There  were  464  years  of  risk,  with  only  1  death,  and  this  period 
does  not  harmonize  with  the  rest  of  the  table.  The  ratio  was 
therefore  taken  arbitrarily  at  -5000.  This  change  is  of  extremely 
trifling  importance,  making  a  difference  of  2  in  the  expected 
deaths. 

18.  The  ratios  above  given  were  then  transformed  by 
inspection  into  ratios  for  the  individual  ages,  and  these  were  the 
factors  by  which  to  multiply  the  qx  of  the  standard  table  in  order 
to  obtain  the  qx  of  the  Nurses'  ultimate.  A  trial  was  made  of 
these  first  adjustments,  with  the  result  that  there  were  297 
expected  deaths  against  299  actual,  a  difference  of  four  when 
the  two  deaths  mentioned  in  paragraph  17  are  allowed  for  ;  and 
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a  slight  regraduatioii  was  performed,  and  the  graduated  qx  was 
again  taken  out,  and  gave  almost  the  exact  actual  deaths. 

19.  The  table  had  to  be  completed  at  the  old  ages.  In 
the  experience  there  were  10  at  risk  aged  over  89,  with  5  deaths, 
and  the  expected  deaths  were  5-6  ;  the  ratio  of  actual  to  expected 
being  -8929.  It  is  thus  indicated  that  at  the  old  ages  the  nurses' 
mortality  rapidly  rises  towards  that  shown  by  the  Government 
table,  and  therefore  the  factor  was  taken  as  unity  at  age  100, 
and  the  intervening  values  were  inserted  by  inspection. 

20.  The  qx  thus  formed  was  not  very  smooth,  on  account  of 
the  irregularities  of  the  Government  Ultimate  Table,  and  it 
was  graduated  by  formula  C  of  my  paper,  J  J. A.,  vol.  xli,  p.  559, 
which  is  an  efficient  and  simple  formula  of  graduation.  In 
Table  II  appended,  will  be  found  the  numbers  at  risk  and  the 
deaths  of  the  original  data,  the  Government  expected  deaths,  the 
factors  formed  as  above  explained,  with  the  preliminary  gradu- 
ation of  qx  ;  and,  lastly,  the  final  graduated  qx ,  with  the  expected 
deaths.  It  will  be  seen  that  the  expected  deaths  were  303-7, 
and  the  actual  deaths  304,  so  that  the  original  facts  are  closely 
adhered  to,  and  at  no  part  of  the  table  is  there  any  important 
deviation. 

21.  Having  now  the  ultimate  table,  we  pass  to  the  select 
tables,  of  which  there  are  four,  given  in  Table  III,  (a),  (b),  (c) 
and  (d).  Entry  ages  from  36  to  74  inclusive  were  brought  into 
account.  The  tables  give  first  of  all  the  original  data,  then  the 
expected  deaths  by  the  ultimate  table  ;  and,  lastly,  the  graduated 
table  of  qX}  with  the  expected  deaths  produced  thereby.  For 
year  0-1  the  experience  was  taken  for  the  entry  ages  36-74 
inclusive,  as  just  mentioned.  There  were  only  5  at  risk  below 
age  36,  without  any  deaths,  and  8  at  risk  without  any  deaths  at 
ages  above  74,  and  these  extremes  were  ignored.  The  actual 
deaths  were  26,  and  the  deaths  expected  by  the  ultimate  table 
were  39-33,  the  ratio  being  -6611.  This  ratio  was  used  as  a 
uniform  factor  for  the  whole  column,  by  which  the  qx  of  the 
ultimate  table  was  multiplied,  and  the  result  appears  in  the 
graduated  qx  of  the  select  table.  The  expected  deaths  are  25-99, 
being  only  -01  less  than  the  actual. 

22.  The  years  of  the  select  period  1-2,  2-3  and  3-4,  were 
similarly  dealt  with,  and  the  ratios  came  out  as  follows  : 

Year  1-2    '7580 

„   2-3    -6635 

„   3-4    -9167 

y  2 
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Here  we  find  that  the  ratio  for  the  third  year  is  smaller  than  that 
for  the  second,  and  this  ought  not  to  be  ;  and  we  are  faced  with 
the  fact  that  a  horizontal  adjustment  is  required,  in  order  to 
produce  a  sequence  in  the  death  rates  of  greater  probability. 
This  horizontal  adjustment  is  quite  justifiable,  because  the  lives 
pass  across  the  table  from  one  select  column  to  the  next,  and  not 
down  the  table  ;  and,  where  the  experience  is  limited,  irregu- 
larities occur.  In  a  large  experience  the  horizontal  adjustment 
might  not  be  needed.  An  investigation  was  made,  and  it  was 
found  that  by  transferring  2 '5  deaths  from  the  second  to 
the  third  year,  suitable  factors  were  obtained,  the  factor  for  the 
second  year  becoming  -6930,  and  that  for  the  third  "7327.  The 
final  factors  for  the  select  period  were  : 

Year  0-1    -6611 

„   1-2    -6930 

„   2-3    -7327 

„   3-4    -9167 

The  factor  for  the  fourth  year  being  -9167,  and  not  far  from 
unity,  it  is  clear  that  selection  practically  wears  off  within  the 
four  years. 

23.  The  following  are  the  expected  and  the  actual  deaths 
for  the  select  period  : 


Assurance  Year 

Actual  Deaths 

Expected  Deaths 

0-1 

26 

25-99 

1-2 

29 

26-52 

2-3 

24 

26-54 

3-4 

* 

31 

30-95 

Total 

110 

110-00 

Taking  all  the  select  columns  together,  the  expected  deaths  and 
the  actual  agree.  Of  course,  with  such  ragged  data  as  we  have 
for  these  tables,  we  must  expect  deviations  age  by  age  between 
the  expected  and  the  actual  deaths  ;  but  these  deviations  are 
never  really  large,  and  they  'change  sign  very  frequently,  and  the 
accumulated  deviations  are  never  important,  thus  showing  that 
the  graduation  is  good  in  each  of  the  columns. 

24.  It  is  of  course  a  question  whether  a  uniform  multiplier 
for  the  whole  of  each  column  is  legitimate  ;  and,  to  throw  light 
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on  that  question,  an  investigation  was  made  by  means  of  the 
British  Offices"  Experience,  which  will  be  dealt  with  immediately. 
No  matter  what  may  be  the  entry  age,  all  the  lives  passing 
through  the  select  period  are  acted  upon  by  very  similar 
forces  ;  and,  presumably,  the  rates  of  mortality  are  thereby 
affected  in  similar  ways,  and  in  the  same  directions  ;  but  it 
must  not  be  assumed  without  enquiry  that  they  are  affected  in 
exactly  the  same  proportions,  as  is  done  when  a  uniform  factor 
is  employed  for  the  whole  column.  It  may  be  that  the  factors 
should  increase,  or  should  decrease,  or  should  vary  otherwise, 
with  advancing  entry  age  ;  and  that  remains  to  be  ascertained, 
but  the  experience  of  the  nurses  is  not  of  a  land  suited  to  the 
purpose. 

25.  The  financial  effect  of  the  light  mortality  of  the  nurses 
is  very  great,  and  in  the  appended  Table  IV  will  be  found 
specimen  values,  by  the  Nurses'  Experience,  of  annuities  at  the 
date  of  purchase,  and  after  four  or  more  years  from  purchase  ; 
and  also  the  corresponding  values  by  the  Government  Table,  on 
which  the  business  of  the  Fund  was  based.  The  annuity  values 
are  calculated  at  2 J  per-cent  interest  and  at  4  per-cent,  and  it 
will  be  seen  that  the  Government  2J  per-cent  values  do  not  differ 
much  on  the  average  from  the  Nurses'  4  per-cent  values.  The 
following  are  the  sums  of  the  specimen  values  for  the  seven  ages 
included  in  the  table,  select  and  ultimate,  the  Nurses'  values  at 
4  per-cent,  and  the  Government  at  2J  per-cent  : 


Select 

Ultimate 

Nurses'  4  per-cent 
Government  2i  per-cent 

99-512 
98-881 

90-125 
86-319 

Thus  is  explained  the  loss  above  mentioned,  which  arose  at  each 
valuation,  on  the  current  annuity  portion  of  the  business  of  the 
Royal  National  Pension  Fund  for  Nurses. 

British  Offices'  Experience,  1863-1893. 

26.  The  British  Offices'  Experience  provides  an  ideal 
instrument  by  means  of  which  to  investigate  from  every  point 
of  view  the  forces  and  influences  which  produce  the  result  known 
as  "  Selection  "  ;  and  it  was  thought  to  be  well  worth  the 
trouble  involved,  to  test  by  it  the  short  method  of  constructing 
select  tables,  which  had  seemed  to  be  satisfactory  for  the  small 
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and  peculiar  experience  of  the  Nurses.  Not  only  is  the  British 
Offices'  Experience  in  itself  eminently  suitable  for  the  purpose, 
but  there  are  available  the  magnificent  select  tables  of  the  late 
Sir  George  F.  Hardy,  with  which  to  compare  any  others  that  may 
be  constructed  on  different  plans,  Hardy's  tables  having  been 
proved  to  adhere  closely  to  the  original  data,  while  at  the  same 
time  they  possess  qualities  of  the  highest  value. 

27.  It  had  been  shown  that  the  effects  of  selection  in  the  case 
of  the  British  Offices  do  not  become  exhausted  until  ten  years 
have  elapsed  from  the  time  of  entry  of  the  lives  assured,  and 
Hardy  therefore  constructed  ten  columns  for  the  select  period  ; 
and  carried  them  on  by  a  corresponding  ultimate  table,  the 
OM(10),  to  which  they  fit  accurately.  I  have  no  doubt  but  that 
the  short  method  of  construction  could  be  used  quite  satisfactorily 
if  applied  to  the  ten  years  period  ;  but  to  have  done  so  would 
have  involved' much  additional  labour,  and  would  have  necessi- 
tated a  great  amount  of  tabular  matter  which  is  really  superfluous 
for  present  purposes.  It  has  therefore  been  deemed  sufficient 
to  limit  the  illustration  to  five  years  for  the  select  period,  and  to 
use  the  0M(5)  Table  for  the  ultimate. 

28.  Entry  ages  15  to  69,  inclusive,  have  been  dealt  with, 
although  the  appended  graduated  tables  run  only  from  entry 
ages  20  to  64.  Similar  graduated  tables  had  been  prepared  for 
the  whole  range,  15  to  69,  but  they  were  too  long  to  be  convenient 
for  the  pages  of  the  Journal,  and  therefore  the  trouble  was  under- 
taken of  constructing  others  of  shorter  range  ;  but,  except  for 
their  difference  in  length,  the  two  sets  are  hardly  distinguishable, 
the  values  of  qx  almost  always  agreeing  to  the  fourth  place  of 
decimals,  and  usually  even  to  the  fifth  place.  The  extremes, 
15  to  19  and  65  to  69,  taken  together,  comprised  only  2-3  per-cent 
of  the  total  numbers  at  risk,  and  2-7  per-cent  of  the  total  deaths  ; 
and  to  ignore  them  does  not  affect  the  results. 

29.  The  appended  Table  V  gives  factors  for  extended  sets 
of  age  groups.  It  is  divided  into  two  sections,  (a)  and  (b)  : 
Section  (a)  relating  to  the  original  data,  or,  what  is  the  same 
thing,  to  the  graduated  tables  as  constructed  by  myself  ;  and 
Section  (b)  to  Hardy's  tables.  In  Section  (a),  the  factor  is 
obtained  by  dividing  the  actual  deaths  in  the  age  group  by  the 
qM(5)  expected  deaths  ;  while,  in  Section  (b),  the  numerator  is 
the  deaths  expected  by  Hardy's  table,  and,  the  denominator, 
the  0M(5)  expected  deaths.  There  are,  first,  the  factors  for 
quinary  age  groups,  15  to  19,  20  to  24,  and  so  on  down  to  65  to 
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69  ;  then  there  are  factors  for  groups  including  fifteen  entry 
ages  each,  20  to  34,  35  to  49,  and  50  to  64  ;  and,  lastly,  there 
are  the  average  factors  for  the  whole  of  each  column,  given  for 
the  ranges  of  ages  20  to  64,  and  15  to  69,  respectively. 

30.  Examining  first  Section  (a),  and  running  the  eye  down 
the  respective  columns  of  factors  for  quinary  age  groups,  it  will 
be  seen  that  these  are  very  irregular,  being  sometimes  greater, 
and  sometimes  less,  than  the  average  factors  which  are  uniform 
for  each  column.  There  are  deviations  due  to  roughness  in 
the  original  data,  notwithstanding  the  considerable  magnitude 
of  the  experience.  No  law  is  disclosed  which  governs  the  pro- 
gression of  the  factors  according  to  advancing  entry  age. 

31.  The  case  is,  however,  different  when  the  table  is  examined 
in  the  larger  groups  of  fifteen  entry  ages  each,  because  for 
assurance  years  0  to  1  and  1  to  2,  the  factors  increase  with  entry 
age,  as  also  for  assurance  year  2  to  3,  but  not  so  regularly,  or  to 
the  same  extent.  For  assurance  years  3  to  4  and  4  to  5,  this 
tendency  is  not  apparent. 

32.  Passing  now  to  Section  (b)  of  the  table,  it  will  be  seen 
that  for  assurance  year  0  to  1  the  factors  for  quinary  age  groups 
increase  regularly  with  advancing  age,  as,  of  course,  also  the 
factors  for  the  longer  age  groups,  thus  following  the  indications 
given  by  the  figures  of  the  original  data  ;  but  that,  for  the  other 
four  assurance  years,  the  reverse  is  the  case  ;  and  Hardy's 
factors  diminish  regularly  with  advancing  entry  age,  thus  going 
contrary  to  such  slight  indications  as  there  are  here  in  the  original 
data.  This  is  not  easy  to  understand,  and  is  due  probably  to 
the  exigencies  of  Makeham's  law.  The  effect  on  the  mortality 
table  as  a  whole  is,  however,  very  small  indeed  ;  and  the  results 
of  the  two  graduations,  Hardy's  and  my  own,  are  nearly  identical, 
both  also  keeping  very  close  to  the  original  facts. 

33.  The  following  are  the  factors  actually  used  in  the  con- 
struction of  the  appended  graduated  tables,  Table  VI,  (a)  to 
(e),  for  the  respective  assurance  years  : 

Year  0-1    -44269 

„   1-2    -65178 

„   2-3    -74278 

„   3-4    -78741 

„  4-5    -81162 

They  run  with  suitable  regularity,  and,  therefore,  there  is  no 
need  for  adjustment  of  the  columns  horizontally.    The  smallness 
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of  the  factor  for  year  4  to  5  shows  that  in  the  British  Offices' 
Experience  the  effects  of  selection  are  not  exhausted  by  the  end 
of  the  five  years,  there  being  a  gap  between  the  select  and  the 
ultimate  portions  of  the  tables  ;  and  that  it  was  therefore  a 
wise  course  to  extend  the  select  period  to  ten  years  in  the  official 
tables. 

34.  The  Select  Tables  are  given  at  full  length  in  Table  VI, 
(a)  to  (e),  and  they  speak  for  themselves.  They  contain,  first, 
the  original  data  ;  and  then  the  0M(5)  expected  deaths,  which  are 
used  in  the  computation  of  the  factors  ;  and,  lastly,  the  new 
values  of  qx,  with  the  expected  deaths,  are  placed  alongside  the 
values  by  Hardy's  tables,  so  that  comparison  may  be  made 
age  by  age.  It  will  be  seen  how  closely  the  two  sets  run  together. 
The  following  are  the  totals  for  each  assurance  year  of  the  actual 
deaths  by  the  data,  and  of  the  expected  deaths  by  my  own 
tables,  and  by  Hardy's,  respectively  : 


Expected  Deaths 

Assurance 

Actual 

Year 

Deaths 

King 

TIardy 

0-1 

1909 

1908-3 

1907-4 

1-2 

2697 

2697-1 

2698-3 

2-3 

3C05 

3004-9 

2972-7 

3-4 

3162 

3162-1 

3157-1 

4-5 

326  L 

3261-4 

3328-4 

Totals 

14034 

14033-8 

14063-9 

The  total  of  the  actual  deaths  for  all  the  five  years  of  the  select 
period  is  14034,  while  the  total  of  the  expected  deaths  by  the 
new  tables  is  14033-8,  and,  by  Hardy's,  14063-9,  the  deviation 
by  the  new  tables  being  only  —0-2,  and,  by  Hardy's  +29-9. 
From  this  point  of  view,  therefore,  the  new  tables  keep,  by  the 
merest  trifle,  closer  to  the  original  data  than  do  Hardy's  ;  but, 
if  the  individual  assurance  years  be  looked  at  separately,  the 
comparison  comes  out  a  little  more  favourably  to  the  new  tables. 

35.  Table  VI,  (a)  to  (e)  is  repeated  in  summary  form  in 
Table  VII,  (a)  to  (e),  the  same  facts  being  recorded  in  quinary 
age  groups,  with  columns  added  to  show  for  each  age  group  the 
deviation  from  the  actual  deaths,  of  the  deaths  expected  by  the 
new  tables,  and  by  Hardy's  tables,  respectively.  These  columns 
of  deviations  show  with  what  remarkable  fidelity  the  new  tables 
run  with  Hardy's,  the  signs  being  the  same,  except  in  a  few  cases 
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where  the  deviations  themselves  are  very  small  ;  and  the 
magnitude  of  the  deviations  differing  but  little.  For  assurance 
years  2  to  3.  and  4  to  5,  Hardy  departs  somewhat  more  from 
the  original  data,  but  the  extra  deviations  of  these  years  nearly 
balance  each  other. 

36.  The  grand  summary  given  in  Table  VII  (f)  emphasizes 
the  wonderful  similarity  in  the  aggregate  of  the  new  tables  to 
Hardy's  ;  and.  I  think  furnishes  an  excellent  testimonial  to  the 
short  method  of  construction. 

37.  The  probability  of  dying  within  the  five  years  of  the 
select  period,  by  the  original  data,  and  by  the  new  tables  and 
Hardy's  respectively,  is  given  in  the  following  short  tabular 
statement,  and  is  not  without  interest.  The  probability  is  the 
average  for  each  quinary  age  group,  20  to  24,  down  to  60  to  61. 
The  denominator  of  q  for  each  assurance  year  is  the  sum  of  the 
numbers  at  risk  in  the  age  group,  and  the  numerator  is  the  sum 
of  the  actual  deaths,  and  of  the  expected  deaths  by  King  and 
Hardy,  respectively.  We  thus  have,  for  the  age  group, 
*lw>  9ix]+i»  and  hence  of  P[xi»Pixi+i>  <vc. ;  and  from  these 
we  pass  to  g[x]$  .  Once  more  there  is  clearly  brought  out  the 
similarity  of  the  new  tables  to  the  old,  and  how  both  sets 
interpret  well  the  original  data.  It  is  worthy  of  note,  however, 
that  these  probabilities,  as  also  the  grand  summary  of 
Table  VII  (f),  show  that  the  mortality  at  the  older  entry  ages 
is  a  little  under-estimated. 


Entry 
Ages 

Original 
Data 

King 

Haudv 

Deviation 
x  105 

Deviation 
x  IO5 

20  to  2-1 
25  „  29 
30  „  34 
35  „  39 
40  „  44 
45  „  49 
50  „  54 
55  59 
60  „  64 

•02400 
•02380 
•02766 
•03239 
•03S74 
•05117 
•0706  L 
•09245 
13004 

•02343 
•02515 
•02794 
03237 
•03922 
•04983 
•06596 
•09088 
■12652 

-  57 
+  135 
+  28 

  2 

+  48 

-  134 

-  465 

-  157 

-  352 

•02357 
02530 
•02808 
•03244 
•03925 
•04979 
•06582 
•09069 
•12634 

-  43 
+  150 
+  42 
+  5 
+  5L 

-  138 

-  479 

-  176 

-  370 

Totals 

•49086 

•48130 

+  211 
-1167 

•4S128 

+  24S 
-1206 

38.  It  is  not  impossible  that  the  new  tables  might  be  brought 
into  still  closer  harmony  with  the  data,  by  making  allowance 
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for  the  tendency  in  some  of  the  assurance  years  towards  increase 
in  the  factors  with  advancing  entry  age,  discussed  in  paragraph 
31  above.  That  could  be  done  without  difficulty  by  taking  the 
three  factors  for  the  age  groups  20  to  34,  35  to  49,  and  50  to  64, 
and  transforming  them  into  factors  for  individual  ages,  in  the 
way  explained  in  paragraph  18,  where  the  construction  of  the 
Nurses'  Ultimate  1  able  was  in  question.  There  would,  however, 
be  but  little  practical  gain  secured  by  this  sacrifice  of  the 
simplicity  of  the  uniform  factor  system. 

Australasian  Experience,  1849-1903. 

39.  I  have  to  thank  our  old  friend  Mr.  Richard  Teece,  and 
his  Co-Directors,  for  their  kindness  in  allowing  me  to  use  for 
publication  the  experience  of  healthy  male  lives  assured  in  the 
Australian  Mutual  Provident  Society,  for  the  fifty-five  years 
from  the  commencement  of  the  Society,  down  to  1903  ;  and  it 
is  now  taken  for  the  purpose  of  this  paper,  as  an  illustration  of 
the  short  method  of  constructing  select  tables.  It  is,  however, 
unnecessary  here  to  go  into  great  detail,  because  it  is  proposed 
to  submit  to  the  Actuarial  Society  of  Australasia  a  paper,  in 
which  this  experience  will  be  dealt  with  more  fully.  At  present 
only  sufficient  will  be  given  to  make  the  illustration  clear. 

40.  In  the  appended  tables  the  experience  itself  is  given, 
both  ultimate  and  select.  As  above  stated,  it  is  the  experience 
of  healthy  male  lives  ;  and  it  may  be  said  that  practically  all 
the  lives  effected  their  policies  in  Australasia.  The  Society  did 
not  open  its  London  establishment  until  after  the  experience 
had  closed  ;  but  I  understand  that  a  few  lives  had  been  assured 
at  home  through  local  agencies.  There  cannot,  however,  have 
been  many  of  them,  and  therefore  the  experience  is  really  that 
of  lives  assured  in  Australasia. 

41.  The  first  process  is,  to  prepare  an  ultimate  table  ;  and 
that  might  have  been  done  by  one  or  other  of  the  more  usual 
methods  of  construction.  The  construction  of  the  Nurses' 
Ultimate  Table  by  the  method  of  reference  had,  however,  been 
so  interesting  to  me,  that  I  adopted  it  for  the  Australian  Mutual 
data,  and  the  0M(5)  Table  was  taken  as  the  standard. 

42.  An  unexpected  difficulty  arose  at  the  outset,  through 
the  very  defective  graduation  after  age  80  of  the  0M(5)  Table  as 
given  in  the  volume  of  British  Offices  Life  Tables,  published  in 
1902.    The  0M(5)  Table  is  supposed  to  follow  strictly  Makeham's. 
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law.  and  it  seems  strange  that  at  any  portion  of  it  the  graduation 
should  be  erratic.  It  appears,  however,  that  Makeham's  px , 
and  consequently  qx ,  was  not  retained  in  its  integrity  in  the 
published  table  ;  but  was  recalculated,  for  some  reason  which 
I  do  not  understand,  by  dividing  lx+1  by  lx.  That  produces 
up  to  about  age  80  Makeham's  qx  to  five  places  of  decimals, 
although  here  and  there  the  fifth  place  is  not  quite  accurate. 
But  above  age  80,  where  the  official  lx  is  cut  down  to  four  figures 
or  less,  the  recalculated  qx  does  not  follow  Makeham's  law  in 
individual  cases,  although  it  does  so  on  the  average  ;  and  hence, 
from  age  80  onwards  the  published  table  is  not  suited  for  a 
standard.  In  the  volume  of  Principles  and  Methods,  page  153, 
Makeham's  real  colog  px  as  originally  calculated  from  ti  e 
constants  is,  however,  given,  and  that  was  used  for  the 
AMP  Ultimate. 

43.  The  experience  was  first  taken  in  quinary  age  groups 
from  group  20-24,  down  to  group  90-94,  and  the  ratio  of  actual 
deaths  in  each  group  to  the  0M(5)  expected  deaths  was  calculated. 
The  following  are  the  figures  : 


Age  Group 

Ratio 

Age  Group 

Ratio 

20-24 

■593 

60-64 

•803 

25-29 

•614 

65-69 

•824 

30-34 

•645 

70-74 

•853 

35-39 

•703 

75-79 

•785 

40-44 

•731 

80-84 

•749 

45-49 

•730 

85-89 

•943 

50-54 

•759 

90-94 

•909 

55-59 

•726 

1 

44.  It  will  be  seen  that  the  foregoing  ratios  run  irregularlv, 
and  that  they  must  be  adjusted  in  some  way  before  the  ratios 
for  individual  ages  can  be  arrived  at.  After  careful  examination, 
it  was  decided  to  combine,  in  certain  parts  of  the  table,  the  age 
groups,  and  to  use  groups  of  varying  age  ranges  for  the  purpose 
of  graduation.  The  different  lengths  of  groups  present  no 
difficulty  when  graduation  is  effected  by  the  graphic  method 
used  bv  Milne  for  the  Carlisle  Table.  The  following  are  the 
groupings  and  ratios  actually  employed  in  the  graduation  : 
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Age  Group 


Ratio 


Age  Group 


Ratio 


20-29  (10  years) 
'     30-34  (5  years) 
|     35-39  (5  years) 

40-49  (10  years) 


•611 
•645 
•703 
•731 


50-54  (5  years) 
55-69  (15  years) 
70-89  (20  years) 
90-94  (5  years) 


•759 
•779 
•828 
909 


45.  Parallelograms  were  set  up  on  cross-ruled  paper,  the 
base  representing  the  number  of  years  in  the  age  group,  and  the 
altitude,  the  figures  of  the  ratios  ;  and,  of  course,  the  area  of 
each  parallelogram  is,  the  number  of  years  in  the  base,  multiplied 
by  the  altitude.  A  curve  was  drawn  through  the  tops  of  the 
parallelograms,  and  was  read  off  to  give  the  altitude  at  each 
individual  age.  In  Table  VIII  appended,  these  ratios,  as  read 
on  the  curve,  are  given  to  three  places  of  decimals.  They  run 
fairly  well ;  but,  in  order  to  obtain  a  really  smooth  ultimate 
table,  they  were  graduated  by  formula  C  mentioned  above  in 
paragraph  20 ;  and  the  result  of  that  graduation  is  given  under  the 
heading  "  Factors  Graduated."  The  0M<5)  Table,  as  originally 
calculated  from  the  constants,  being  in  itself  perfectly  smooth, 
it  was,  for  the  AMP,  the  ratios  which  were  graduated  by  the 
summation  formula,  and  not  the  q  after  multiplication,  as  in  the 
case  of  the  Nurses'  Table.  See  paragraph  20  above.  The  factors 
were  used  to  carry  the  ultimate  table  down  to  age  78  ;  and  then, 
from  the  four  values  75  to  78  inclusive,  and  assuming  the  factor 
for  age  95  to  be  unity,  the  table  was  completed  by  means  of  a 
fourth  difference. 

46.  The  graduated  table  appears  at  the  right  of  appended 
Table  VIII,  as  also  the  expected  deaths,  and  the  deviations. 
It  will  be  seen  that  the  actual  deaths  are  6365,  and  the  expected 
6362-5,  so  that  there  is  a  deviation  of  only  —2-5.  Also,  the 
deviations  at  individual  ages  are  never  large,  and  they  change 
sign  very  frequently.  It  is  submitted  that  this  construction  is 
successful.  It  may  be  called  the  (AMP)M<3)  Table.  In 
Table  IX  appended,  a  summary  of  Table  VIII  is  given  in  quinary 
age  groups,  from  which  may  be  seen  at  a  glance  the  nature  and 
weight  of  the  deviations. 

47.  The  (AMP)M(5)  Table  was  then  employed  in  the 
construction  of  the  select  columns,  there  being  five  of  these, 
the  select  period  being  assumed  to  run  into  the  ultimate  five 
years  after  the  entry  of  the  lives. 

48.  In  Table  X  appended,  the  ratios  are  given,  for  quinary 
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age  groups,  between  the  actual  deaths  in  the  various  select 
columns.,  and  those  expected  by  the  (AMP)M<5)  Table.  It 
will  be  noticed  that  they  run  irregularly,  just  as  in  the  case  of 
the  British  Offices'  Experience,,  and  that  in  this  form  they  do 
not  throw  much  light  upon  the  progression  of  the  factors  in  the 
several  columns  with  the  advancing  entry  ages.  The  table 
was  therefore  divided  into  two  portions  of  twenty-five  ages  each, 
for  entry  ages  15  to  39,  and  40  to  64,  respectively  ;  and  the  ratios 
for  these  age  groups  follow  in  Table  X.  It  will  be  observed  that, 
contrary  to  the  indications  of  the  British  Offices'  Experience, 
the  ratios  almost  uniformly  decrease  with  advancing  entry  age  ; 
and,  probably,  a  very  accurate  adjustment  of  the  select  period 
could  be  obtained  by  calculating,  from  these  groups  of  twenty- 
five  ages  each,  graduated  factors  diminishing  slightly  age  by  age. 
It  seemed,  however,  scarcely  necessary  to  undertake  this 
additional  Avork,  as  a  uniform  factor  for  all  entry  ages  gives 
results  sufficiently  close  to  the  data  for  all  ordinary  purposes. 
The  average  ratios  for  the  whole  of  the  entry  ages  from  15  to  64 
are  given  at  the  foot  of  Table  X.  There  is  irregularity,  however, 
in  these  ratios  ;  because  that  for  assurance  year  2  to  3  is  greater 
than  that  for  assurance  year  3  to  4  ;  and  that  anomaly  requires 
correction  by  horizontal  adjustment.  Fourteen  deaths  were 
transferred  from  year  2  to  3  to  year  3  to  4,  and  the  ratios,  after 
this  adjustment,  are  as  follows  : 


Year 

Ratio 

0-1 

•63370 

1-2 

•77656 

2-3 

•83315 

3-4 

•86312 

4-5 

•87485 

These  run  with  suitable  regularity,  and  were  adopted  for  the 
final  graduation.  The  factor  for  the  year  4-5  is  not  very  large, 
and  therefore  it  would  appear  that  selection  in  Australasia  does 
not  fully  wear  off  within  five  years.  The  materials,  however, 
as  tabulated  do  not  make  it  possible  to  investigate  this  point 
farther. 

49.  In  Table  XI,  (a)  to  (e).  are  given  the  tables  for  the  five 
years  of  selection,  and  the  right-hand  columns  show  the  deviations, 
age  by  age,  of  the  expected  from  the  actual  deaths.    It  will  be 
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seen  that  the  deviations  are,  for  the  most  part,  quite  small,  and 
change  sign  very  frequently  ;  and  the  changes  of  sign  occur  all 
down  the  columns,  so  that  at  no  point  is  there  any  large 
accumulated  deviation.  It  will  also  be  observed  in  each  table 
that,  for  each  assurance  year,  the  actual  deaths  are  exactly 
reproduced,  when  allowance  is  made  for  the  transfer  of  fourteen 
deaths  mentioned  in  paragraph  49. 

50.  Table  XI  is  repeated  in  summary  form  in  Table  XII, 
the  facts  being  recorded  in  quinary  age  groups  ;  and  I  think 
this  affords  sufficient  evidence  that  the  construction  of  the 
select  portion  of  the  table,  as  well  as  of  the  ultimate,  is  quite 
satisfactory. 

51.  The  characteristics  of  the  Australasian  mortality  are 
well  worthy  of  study.  As  regards  the  ultimate  tables,  when 
the  (AMP)M<5)  is  compared  with  the  0M(5),  it  will  be  seen  that 
the  Australasian  mortality  is  very  light.  From  age  20  to  about 
age  40  it  is  never  more  than  70  per-cent  of  the  British,  and  up 
to  age  70  it  is  less  than  80  per-cent ;  and  it  is  only  at  the  really 
old  ages  that  the  two  tables  approximate  to  each  other.  Also, 
as  regards  the  select  portion,  we  have  the  same  relative  position, 
except  that,  for  the  year  0-1  of  assurance,  the  Australasian 
mortality  is  lighter  than  the  British  up  to  about  age  36,  but 
after  that  age  it  is  heavier.  In  all  the  other  assurance  years, 
however,  the  Australasian  mortality  is  the  lighter  throughout. 


ADDENDUM. 

When  all  the  tables  for  this  paper  had  been  completed,  and 
when  the  explanatory  letterpress  had  been  to  a  large  extent 
sketched  out,  I  was  showing  the  results  to  a  friend  from  the 
Far  East,  and  he  called  my  attention  to  the  "  Japanese  Three 
Offices  Life  Tables",  which  had  been  prepared  by  a  Committee 
of  Actuaries  from  the  experience  of  the  "  Meiji ",  the  "  Teikoku", 
and  the  "  Nippon",  the  three  oldest  life  assurance  companies  in 
Japan,  under  the  superintendence  of  Mr.  Kaitaro  Ebihara,  F.I.A., 
whom  many  of  us  in  London  know.  It  seems  that  the  select 
tables  in  the  Japanese  collection  were  constructed  by  the  short 
method  set  forth  in  this  paper  ;  but  I  was  entirely  ignorant  of 
the  fact ;  and,  in  so  far  as  I  am  concerned,  all  that  is  in  my 
paper  is  as  original  as  anything  on  such  a  hackneyed  subject  as 
the  construction  of  mortality  tables  can  be.    The  Japanese 
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come  first  in  the  order  of  time.  Nevertheless  I  venture  to  think 
that  my  paper  is  possibly  not  without  value,  seeing  that  I  go 
farther  than  the  Japanese,  and  that  my  paper  contains  an 
investigation  into  the  principles  of  the  short  method,  and  as  to 
its  effects  when  applied  to  such  an  experience  as  that  of  the 
British  Offices.  Moreover,  it  includes  two  interesting  new 
mortality  tables,  that  for  the  Nurses,  and  that  for  Australasia, 
which  are  valuable  in  themselves. 

The  explanations  of  the  Japanese  are  almost  apologetic, 
and  are  contained  in  one  brief  paragraph  ;  and  there  are  only  a 
few  figures  setting  forth  the  results.  The  Japanese  began  with 
five  years  for  the  select  period  ;  but  the  fifth  merges  absolutely 
into  the  ultimate,  so  that  practically  there  are  only  four.  The 
factors  used,  by  which  to  multiply  the  ultimate  qx  in  order  to 
obtain  the  select,  are  : 

Year  0-1    -62 

„   1-2    -87 

„  2-3    -95 

„  3-4    -97 

„   4-5    1-00 

The  following  are  the  results  in  brief  summary  : 


Assurance 

At  Risk 

Actual 

Expected  Deaths 

Year 

Deaths 

Ultimate 

Actual 
Graduated 

0-  1 

1-  2 

2-  3 

3-  4 

4-  5 

325,508 
235,771 
195,540 

163,009 

p 

2312 
2476 
2341 
2097 
1885 

3743T2 
2838-95 
2462-15 
2152-88 
188S6L 

2320  32 
2489-88 
233904 
208831 
1888-61 

Totals 

11111 

13085-71 

11126-16 

In  conclusion,  I  take  this  opportunity  of  congratulating  our 
Japanese  brethren  on  their  enterprise  in  striking  out  a  new  path, 
and  on  the  success  they  have  achieved. 
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Table  I. 


lloyal  National  Pension  Fund  for  Nurses. 
Annuities  in  Possession,  Females.    Mortality  Experience. 


Year  of  Currency 

Actual  Deaths 

Expected  Deaths, 

Ratio  of  Actual 

of  Annuity 

Govt.  Table,  1883 

to  Expected  Deaths 

Fifteen  years  ending  31  December  1902 

1 

5 

6 

•83 

<2 

2 

7 

•29 

3 

7 

7 

1-00 

4 

3 

6 

•50 

Over  4 

14 

23 

•61 

All  durations 

31 

49 

•63 

Five  years  ending 

31  December  1907 

1 

2 

6 

•33 

2 

6 

8 

•75 

5 

10 

•50 

4 

5 

11 

•45 

Over  4 

44 

61 

•69 

All  durations 

62 

99 

•63 

Five  years  ending  31  December  1912 

1 

10 

13 

•77 

2 

10 

15 

•67 

6 

17 

•35 

4 

7 

18 

•39 

Over  4 

79 

162 

•49 

All  durations 

112 

225 

•50 

Five  years  ending 

31  December  1917 

1 

9 

16 

•56 

11 

22 

•50 

3 

6 

28 

•21 

4 

16 

28 

•57 

Over  4 

167 

349 

•48 

All  durations 

209 

443 

•47 

Thirty  years  from  the  Foundation  of  Fund  in  1887  to  31  December  1917 

1 

26 

41 

•63 

2 

29 

52 

•56 

3 

21 

62 

•39 

31 

6< 

•49 

Over  4 

304 

598 

•51 

All  durations 

414 

816 

•51 
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Table  II. 


Nurses'  Ultimate  Table. 


Age 

Original  Data 

Govt. 
Ultimate 

Preliminary 
Adjustment 

Graduated  Table 

X 

At 
Risk 

Actual 

Expected 
Deaths 

Factor 

qx 

Qx 

Expected 
npa  t  Vi « 

i/catua 

40 

10 

1 

•1 

•500 

•00541 

•00541 

•1 

1 

14 

•2 

•500 

•00552 

•00559 

•  1 

2 

18 

•2 

•500 

•00563 

•00571 

•1 

3 

26 

•3 

•500 

•00575 

•00581 

•2 

4 

40 

•5 

•500 

•00587 

•00589 

•2 

45 

54 

•6 

•500 

•00598 

•00597 

• 

•3 

6 

61 

•7 

•500 

•00611 

•00606 

•4 

7 

64 

•8 

•500 

•00623 

•00618 

•4 

8 

73 

•9 

•500 

•00635 

•00634 

•5 

9 

104 

1-4 

•500 

•00649 

•00657 

•7 

50 

128 

1 

1-7 

•502 

•00664 

•00687 

•9 

1 

139 

20 

•505 

•00711 

•00726 

10 

2 

158 

i 

2-4 

•508 

•00767 

•00771 

1-2 

3 

156 

4 

2-5 

•509 

•00827 

•00818 

1-3 

4 

1157 

3 

20-2 

•510 

•00890 

•00865 

100 

55 

1091 

10 

19-8 

•509 

•00923 

•00907 

9-9 

6 

953 

6 

17-7 

•508 

•00942 

•00944 

90 

7 

806 

9 

15-6 

•505 

•00981 

•00977 

7-9 

8 

736 

11 

150 

•502 

•01025 

•01008 

7-4 

9 

1198 

17 

251 

•497 

•01040 

•01043 

12-5 

60 

1056 

12 

231 

•492 

•01077 

•01087 

11-5 

1 

951 

13 

22-2 

•487 

•01136 

•01145 

10-9 

2 

864 

8 

21-4 

•485 

•01202 

•01221 

10-5 

3 

747 

13 

19-9 

•485 

•01291 

•01315 

9-8 

4 

1058 

12 

30-9 

•487 

•01422 

•01424 

151 

65 

946 

11 

30-3 

•490 

•01567 

•01546 

14-6 

6 

829 

9 

28-8 

•492 

•01711 

•01676 

13-9 

7 

748 

21 

28-1 

•492 

•01845 

•01815 

13-6 

8 

703 

13 

28-3 

•492 

•01983 

•01965 

13-8 

9 

613 

15 

26-6 

•492 

•02135 

•02134 

131 

70 

520 

15 

24-3 

•493 

•02304 

•02330 

121 

1 

454 

11 

23-2 

•496 

•02535 

•02562 

11*6 

2 

382 

z 

21-6 

•500 

•02826 

•02837 

10-8 

3 

337 

9 

21-2 

•506 

•03183 

•03160 

10-6 

4 

293 

8 

20-4 

•510 

•03554 

•03534 

10-4 

75 

237 

12 

18-3 

•515 

•03970 

•03962 

9-4 

6 

163 

8 

13-7 

•525 

•04427 

•04450 

7-3 

7 

132 

15 

12-2 

•545 

•05019 

•05003 

6-6 

8 

99 

3 

9-9 

•565 

•05630 

•05627 

5-6 

9 

70 

1 

7-6 

•585 

•06346 

•06330 

4-4 

80 

41 

12 

4-8 

•605 

•07115 

•07120 

2-9 

1 

26 

2 

3-3 

•625 

•08033 

•08007 

2-1 

2 

20 

3 

2-8 

•645 

•08973 

•09002 

1-8 

3 

17 

1 

2-6 

•665 

•10117 

•10116 

1-7 

4 

18 

3-0 

•685  < 

•11315 

•11361 

2-0 

Carried 
forward 

18310 

297 

576-2 

290-2 

VOL.  LTI. 


Z 
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[April 


Table  II  (continued). 


Nurses'  Ultimate  Table. 


Age 

Original  Data 

Govt. 
Ultimate 

Preliminary 
Adjustment 

Graduated  Table 

X 

At 

Risk 

Actual 

Deaths 

Expected 
Deaths 

Factor 

qx 

JjAJfvv  Let* 

Deaths 

Brought 
forward 

85 

18310 
16 

297 

1 

576*2 
2-9 

•705 

•12759 

•12747 

290-2 
.20 

6 

10 

2-0 

•725 

•14145 

•14271 

1-4 

7 

11 

... 

2-4 

•745 

•15956 

•15929 

1-8 

8 

11 

1 

2-5 

•765 

•17737 

•17705 

1-9 

9 

10 

2-5 

•785 

•19743 

•19577 

20 

90 

10 

2-7 

•805 

•21505 

•21493 

21 

1 

10 

2-9 

•825 

•24087 

•23409 

2-3 

2 

•845 

•25976 

•25313 

3 

•865 

•28371 

•27557 

4 

•885 

•30400 

•30493 

95 

•905 

•34372 

•34474 

6 

... 

•925 

•37060 

•39850 

7 

•945 

•42114 

•46975 

8 

... 

•965 

•47304 

•56200 

9 

•985 

•64404 

•67878 

100 

1-000 

•77778 

•82360 

1 

... 

•99999 

•99999 

Totals 

18388 

304 

594-1 

303-7 

ttai; 
Ag 

Lx 

36 
7 
8 
9 

40 
1 

2 
3 
4 

45 
6 
7 

8 
9 

50 
1 
2 

3 
4 

55 
6 
7 
8 
9 

60 
1 
2 
3 
4 

65 
6 
7 
8 
9 

70 
1 

2 
3 
4 
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Table  III  (a). 
»rs«s'  Select  Table.     Year  0  to  \ 


Original  Data 


_j  .  Actual 
At  Risk  Deaths 


Nurses' 
Ultimate 
Expected 

Deaths 


Graduated  Table 


Expected 
Deaths 


55 

1 

34 

37 

45 

31 

1610 

4 

79 

61 

55 

1 

80 

1 

1019 

10 

90 
62 

1 

75 

44 

647 

3 

63 

1 

47 

37 

1 

34 

44 

32 

23 

1 

13 

1 

10 

12 

6 

4 

4 

4 

4481 

26 

•03 
•03 
•02 
•05 

•09 
•12 
•07 
■12 
•17 

•33 
■21 
•23 
•29 
•20 

11-06 
•57 
■47 
•45 
•69 

9-24 
•85 
•61 
•76 
•46 

703 
•72 
•57 
•49 
•48 

•68 
•54 
■42 
•26 
•21 

•28 
•15 
•11 
•13 
•14 


•00330 
•00334 
•00340 
•00348 

•00358 
•00370 
•00377 
•00384 
•00389 

•00395 
•00401 
•00409 
•00419 
•00434 

•00454 
•00480 
•00510 
•00541 
•00572 

•00600 
•00624 
•00646 
•00666 
•00690 

•00719 
•00757 
•00807 
•00S69 
•00941 

•01022 
•01108 
•01200 
•01299 
•01411 

•01540 
•01694 
•01876 
•02089 
•02336 


•02 
•02 
•01 
•03 

•06 
•08 
•05 
•08 
•11 

•22 
•14 

•15 
•19 
•13 

7-31 

•38 
•31 
•30 
•46 

6-11 
•56 
•40 
•50 
•30 

4-65 
•48 
•38 
•32 
■32 

•45 
•35 
•28 
•17 
•14 

•18 
•10 
•08 
•08 
•09 


39-33 


25-99 


z 
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Table  III  (b). 
Nurses'  Select  Table.    Year  1  to  2. 


Entry 

Attained 

Original  Data. 

Nurses' 

Graduated  Table 

Age 

0] 

Age 

M  +  i 

At  Risk 

Actual 
Deaths 

Ultimate 
Expected 
Deaths 

S?ta>]+1 

Expected 
Deaths 

36 
7 
8 
9 

37 
8 
9 

40 

6 

K 

o 
4 
9 

•03 
•03 
•02 
•05 

•00350 

•00365 
•00375 

•02 

•01 

•03 

40 
1 

2 
3 
4 

41 

2 
3 
4 
45 

17 
18 
i  q 

lo 

19 

29 

... 

•10 
•10 
•08 
•11 
•17 

•00387 
•00396 

vUwO 

•00408 
•00414 

•07 
•07 
•uo 
•08 
•12 

45 
6 
7 
8 
9 

46 
7 
8 
9 

50 

53 
34 

Q7 
O  / 

44 
31 

•32 
•21 
•23 
•29 
•21 

•00420 
•00428 

•00455 
•00476 

•22 
•15 
.1  ft 

•ID 

•20 
•15 

50 
1 
2 
3 
4 

51 

2 
3 
4 
55 

1484 
73 

53 
75 

4 

10-77 
•56 
•47 
•46 
•68 

•00503 
•00534 

UUOD  / 

•00599 
•00629 

7-46 
•39 
oo 
•32 
•47 

55 
6 
7 
8 
9 

56 
7 
8 
9 

60 

912 

78 

69 
41 

7 
i 

8-61 
•76 
•62 
•72 
•45 

•00654 
•00677 

.fiflAQQ 

•uuoyy 
•00723 
•00753 

5-96 
•53 

.A  'i 
•4o 

•50 
•31 

60 
1 
2 
3 
4 

61 

2 
3 
4 
65 

606 
60 
44 
34 
29 

10 
1 
I 

1 

6-94 
•73 
•58 
•48 
•45 

•00793 
•00846 
•00911 
•00987 
•01071 

4-81 
•51 
•40 
•34 
•31 

65 

7 

8 
9 

66 

8 
9 
70 

42 
30 
22 
12 
10 

3 

•70 
•54 
•43 
•26 
•23 

•01161 
•01258 
•01362 
•01479 
•01615 

•49 
•38 
•30 
•18 
•16 

70 
1 
2 
3 
4 

71 

2 
3 
4 
75 

12 
4 
4 
4 
4 

i 

•31 
•11 
•13 
•14 
•16 

•01775 
•01966 
•02190 
•02449 
•02746 

•21 
•08 
•09 
•10 
•11 

Totals 

4141 

29 

38-24 

26-52 

1921.] 
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Table  III  (c). 

Nurses'  Select  Table.    Year  2  to  3. 


Entry 

1 

Attained 

Original  Data 

Nurses' 

Graduated  Table 

Age 

W 

Age 
M+2 

Actual 
At  Risk  Deaths 

Ultimate 
Expected 
Deaths 

3fce]+2 

Expected 
Deaths 

36 
7 
8 
9 

38 
9 
40 

j  1 

6 

5  ... 
4 

a 

o  ... 

•03 
•03 
•02 
.nj. 

•00377 
•00385 
•00396 
•00410 

•02 
•02 
•02 
•03 

40 
1 

1  3 
4. 

42 
3 
4 

45 

17 

18  1 
13  ... 
18 
27 

•10 
•10 
•08 
•11 

lO 

•00418 
■00426 
•00432 
•00437 
•00444 

•07 
•08 
•06 
•08 
•12 

45 
6 
7 
8 
9 

47 

8 
9 
50 
I 

51 
33 

34    !  ... 

44 

30 

•32 
•21 
•22 
•30 
•22 

•00453 
•00465 
•00481 
•00503 
•00532 

•23 
•15 
•16 
•22 
•16 

50 
1 

I 

52 
3 
4 

55 
g 

1316  3 

66    i  ... 
54    1  ... 
50  1 
68 

1015 
•54 
•47 
•45 

u-t 

•00565 
•00599 
•00634 
•00665 
•00692 

7-44 
•40 
•34 
•33 
•47 

55 
6 
7 
8 
9 

57 
8 
9 

60 

786  4 
70  2 
60  2 
66 

o-±  ... 

7-68 
•71 
•63 
•72 

•  3Q 

oo 

•00716 
•00739 
•00764 
•00796 
•00839 

5-63 
•52 
•46 
•53 
•29 

60 
1 
2 
3 
4 

62 
3 
4 

65 
g 

544  7 
58 
41 
32 
27 

6-64 
•76 
•58 
•49 
•45 

•00S95 
•00964 
•01043 
•01133 
•01228 

j 

4-87 
•56 
•43 
•36 
•33 

65 
6 
7 
8 
9 

67 
8 
9 

70 
1 

36 

28  1 
21  2 
10    !  ... 
9  1 

•65 
•55 
•45 
•23 
•23 

•01330 
•01440 
•01564 
•01707 
•01877 

•48 
•40 
•33 
•17 
•17 

70 
1 

2 
3 
4 

72 
3 
4 

75 
6 

11 

2 
3 
4 
4 

•31 
•06 
•11 
•16 
•18 

•02079 
•02315 
•02589 
•02903 
•03261 

•23 
•05 
•08 
•12 
•13 

Totals 

3708  24 

36-17 

26-54 
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Table  III  (d). 


Nurses'  Select  Table.    Year  3  to  4. 


Entry 

Attained 

Original  Data 

Nurses' 

Graduated  Table 

Age 

w 

Age 
[>]+8 

At  Risk 

Actual 
Deaths 

Ultimate 
Expected 
Dc&t  li  s 

Expected 
Deaths 

36 
7 
8 
9 

39 
40 
1 
2 

6 
0 

4 
8 

•03 
•03 
•02 
•05 

•00482 

.(\C\ACkR 

•uiMyo 
•00512 
•00523 

•03 

.AO 

•02 
•04 

40 
1 
2 
3 
4 

43 
4 

45 
6 
7 

14 
16 

16 

27 

•08 
•09 
•07 
•10 
•17 

•00533 
•00540 

•00556 
•00567 

•07 
•09 
•06 
•09 
•15 

45 
6 
7 
8 
9 

48 
9 

50 
1 
2 

47 
31 
zy 
42 
27 

2 
1 

•30 
•20 
•20 
•30 
•21 

•00581 
•00602 

•UUDOU 

•00666 
•00707 

•27 
•19 
•  l  s 

lo 

•28 
•19 

50 
1 
2 
3 
4 

53 
4 

55 
6 
7 

1165 

63 

43 

65 

13 
I 

9-53 
•54 
•42 
•41 
•64 

•00750 
•00793 
•UUool 
•00865 
•00896 

8-74 
•50 
•do 
•37 
•58 

55 
6 
7 
8 
9 

58 
9 

60 
1 
2 

680 
59 
54 
61 
27 

8 
1 

6-85 
•62 
•59 
•70 
•33 

•00924 
•00956 

AAOAfi 

•01050 
•01119 

6-28 
•56 

•04: 

•64 
•30 

60 
1 

2 
3 
4 

63 
4 

65 
6 
7 

477 
54 

Oft 

29 
25 

3 
1 

6-27 
•77 
•56 
•49 
•45 

•01205 
•01305 

•01536 
•01664 

5-75 
•70 
•51 
•45 
•42 

65 

D 

7 

8 
9 

68 

A 

a 

70 
1 

2 

33 
26 
14 
9 
7 

1 

•65 

OO 

•33 
•23 
•20 

•01801 
•01956 
•02136 
•02349 
•02601 

•59 
•51 
•30 
•21 
•18 

70 
1 

2 
3 
4 

73 
4 

■  75 
6 
7 

11 

2 
1 

4 
4 

::: 

•35 
•07 
•04 
•18 
•20 

•02897 
•03240 
•03632 
•04079 
•04586 

•32 
•06 
•04 
•16 
•18 

Totals 

3278 

31 

33-82 

30-95 

1921.] 


Select  Mortality  Tables. 


311 


Table  IV. 

Values  of  Annuities  at  Date  of  Purchase  and  four  or  wore  years  after 
Purchase,  by  the  Table  for  Nurses,  and  by  the  Government  Table 
1883,  Females. 

Interest  2l  per -cent. 


At  Date  of  Purchase 


4  or  more  Years  after  Purchase 


Entry 
Age 

Nurses 

Govt. 
Females 

Attained 
Age 

Nurses 

Govt. 
Females 

40 

22-732 

19-524 

44 

21-340 

18-057 

45 

21-124 

17-949 

49 

19-568 

16-331 

50 

19-324 

16190 

54 

17-627 

14-434 

55 

17-378 

14-329 

59 

15-543 

12-482 

60 

15-265 

12-333 

64 

13-253 

10-367 

65 

12-982 

10-296 

69 

10-865 

8-308 

70 

10-631 

8-260 

74 

8-446 

6-340 

Interest  4  per  cent. 


At  Date  of  Purchase 


4  or  more  Years  after  Purchase 


Entry 
Age 

Nurses 

Govt. 
Females 

Attained 
Age 

Nurses 

Govt, 
Females  , 

40 

18-015 

15-904 

44 

17-159 

14-917 

45 

17-049 

14-879 

49 

16-037 

13-739 

50 

15-899 

13-669 

54 

14-738 

12-374 

55 

14-588 

12-328 

59 

13-269 

10-908 

60 

13-084 

10-818 

64 

11-558 

9-236 

65 

11-369 

9-204 

69 

9-681 

7-540 

70 

9-508 

7-520 

74 

7-683 

5-854 

312 
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Table  V. 

British  Offices  Experience. 

Factors  for  various  groups  of  Entry  Ages,  by  which  to  multiply  0M<5)  qX)  so 
as  to  obtain  the  0,M'  Select  q[xh  g^+i,  gfe)+2,  to+sj  ^  ?bl+4, 
wAicA  uhU  reproduce  (a)  the  Actual  Deaths  by  the  Original  Data,  and 
(/))  the  Expected  Deaths  by  Hardy  s  graduation. 


(a)  Actual  Deaths  by  Original  Data  reproduced. 


Entry  Ages 
of  Group 

Year  0  to  1 

Year  1  to  2 

Year  2  to  3 

Year  3  to  4 

"¥  ear  4  to  5 

lO   tO  la 

20  „  24 
25  „  29 
30  „  34 
35  „  39 
40  „  44 
45  „  49 
50  „  54 
55  „  59 
60  „  64 
65  „  69 

••±'±ZO'± 

•38631 
•39467 
•45659 
•40808 
•49054 
•43869 
•51884 
•51102 
•51036 
•44982 

1  aol\J 

•70067 
•57836 
•61243 
•66289 
.63230 
•67948 
•76255 
•72396 
•69020 
•77187 

D4000 

•79816 
•70280 
•74286 
•74961 
•73257 
•70693 
•80456 
•76923 
•73416 
•65767 

ooUIZ 

•80301 
•76349 
•76082 
•79603 
•79211 
•86323 
•80909 
•76683 
•68731 
•96721 

7  .AAfkflfk 
i'UUUUU 

•83463 
•80586 
•82809 
•81861 
•75281 
•83749 
•81025 
•75301 
•91971 
•95717 

20  „  34 
35  „  49 
50  „  64 

•41797 
•44347 
•51471 

•61691 
•65707 
•73624 

•73813 
•73253 
•77953 

•76999 
•81281 
•77179 

•82072 
•80166 
•81262 

ZVJ    ,,  O-l 

•65178 

•74278 

•78741 

ol  10<i 

15  „  69 

•44278 

•65535 

•74027 

•79060 

•81608 

(b)  Hardy 

's  Expected  Deaths  reproduced. 

lO   XiO  la 

20  „  24 
25  „  29 
30  „  34 
35  „  39 
40  „  44 
45  49 
50  „  54 
55  „  59 
60  64 
65  „  69 

Oaavv 

•40367 
•41188 
•42327 
•43754 
•45483 
•47217 
•48950 
•50493 
•51675 
•52941 

•66552 
•66362 
•66103 
•65738 
•65325 
•64825 
•64363 
•63949 
•63568 
•63451 
•63122 

•75551 
•75280 
•74869 
•74327 
•73646 
•72940 
•72191 
•71609 
•71119 
•70711 
•70826 

•80502 
•80060 
•79740 
•79292 
•78751 
•78189 
•77644 
•77152 
•76772 
•76737 
•76393 

•83775 
•83639 
•83298 
•82950 
•82533 
•82161 
•81909 
•81670 
•81606 
•81441 

20  „  34 
35  „  49 
50  „  64 

•41479 
•45230 
•49961 

•66005 
•64905 
•63741 

•74727 
•73022 
•71276 

•79614 
•78264 
•76946 

•83521 
•82595 
•81770 

20  „  64 

•44231 

•65210 

•73479 

•78618 

•82841 

15  „  69 

•44284 

•65199 

•73469 

•78610 

•82836 
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Table  VI  (a). 
OtMJ  Select  fable.    Year  0  to  1. 


Original.  Data 

KlNG 

Hardy 

0M,v 

Age 

r_i 

Expected 

L^J 

At 

Actual 

Deaths 

Expected 

Expected 

Risk 

Deaths 

Deaths 

Deaths 

20 

5768 

17 

37-6 

•00289 

16-7 

•00261 

151 

1 

10010 

26 

66-0 

•00292 

29-2 

•00264 

26-4 

2 

1  9QQ9 

97 
—  / 

oi  4 

.AA90  1 

OOl 

OU— 00 

3 

i<_>oyy 

11 
oi 

101-5 

U<  J-V  1 

,  i  ii  1979 

41  1 

4 

1  *  oOl 

O  / 

121-5 

.AAQA1 
•UUoUl 

Oo-o 

•AA97A 

AQ.'i 

4yo 

25 

20401 

50 

140-6 

•00305 

62-2 

•00281 

57-3 

6 

21501 

51 

150-1 

•00309 

66-4 

•00286 

61-5 

7 

oy 

1  =;fi.9 
1  ou  _ 

•AAQl ( 

•UU.314 

oy-z 

.AA9Q9 

04-o 

8 

999  1Q 

Oo 

160-4 

.AAQ 1  a 

71  .A 
i  1'U 

.  AA9QS 

•uujyo 

OO-o 

9 

9  9  AAA 
ZZOUO 

92 

165-5 

.AAQ  9  1 
•UUo_4 

I  O'Z 

wovo 

Oo-y 

30 

23113 

72 

172-7 

•00331 

76-5 

■<Mi3l2 

721 

j  1 

21215 

76 

161-7 

•00337 

71-5 

•00321 

68-1 

2 

zvooo 

1 5 

1  .J  J  u 

•  AAQ.J.  t 
•UUo44 

7A.fi 
I  U'O 

0  /  "0 

iyo  /  u 

o  / 

156-6 

.<  AQ  V9 

KQ.9 

oy  l 

uuooy 

66*7 

4 

lOOUO 

7ft 
/  O 

151-0 

■UUoUl 

00  o 

.1  )tVl  "A 

O4'o 

35 

17790 

71 

148-9 

•00371 

66-0 

•00361 

64-2 

6 

16510 

57 

1420 

•00381 

62-9 

•00374 

61-7 

1  4Q44 

I4y44 

H9 

132-4 

•uuoy_ 

"  v    l  ■ 

oo-O 

.AAQOi) 

"Uooo 

-  O  A 

o8*U 

8 

1410  / 

Oo 

129-5 

.AA_1A  a 

UU4UO 

O  i  -o 

.1  II  1  1  1  I".1 

9 

1666  1 

J  I 

-±■1 

126-0 

55-7 

.ii/i  4  art. 

o6-0 

40 

12821 

60 

125-4 

•00433 

55-5 

•00438 

56-2 

1 

11235 

42 

114-0 

•00449 

50-4 

■00458 

51*5 

2 

1  CIA  1A 
1U404 

oo 

1  1  ft-9 

■UU40 ' 

45*  / 

•i  i  I4,sn 

-A  1 

3 

Q^l  7 

yoi  i 

01 

104-6 

.  i  ii  i  i  v  ~ 

i  fi.Q 

•00504 

48-U 

4 

S~4Q 

o  <  4y 

OI 

100-3 

•00507 

44-4 

■uuooU 

46-4 

45 

8202 

46 

98-4 

•00531 

43-0 

•00558 

45-8 

0 

7152 

43 

89-8 

•00556 

39-8 

■00590 

42-2 

0400 

ol 

SI -J. 

"UUO o4 

O  /  'O 

<  A  O 

4U-o 

8 

OOOU 

*39 

81-3 

•UUO  14 

Qfi.  A 

oOU 

•00661 

o8- 1 

9 

V34K 
OO40 

OO 

78-2 

.  AAfi  <  o 
•UU040 

o4-0 

I  U  i_i  iO 

■UU  i  U_ 

o  /  *o 

50 

5193 

49 

80-2 

•00684 

35-5 

■00746 

38-7 

1 

4045 

21 

66-1 

.00723 

29-2 

•00795 

32-2 

2 

90  /  u 

"37 
o  / 

(JO  J 

■UU  /  00 

9  CI 

•UUo4y 

0 1  o 

3 

oiyo 

97 

58-7 

.AAS1  i 
*UUOl4 

26-0 

I  II  lOi  i~ 

•uuyu  < 

OA  A 

4 

—  oZO 

o4 

55-3 

•00866 

_4'0 

•009" 1 

OT  i 

-  /  -4 

55 

2467 

17 

51-4 

•00922 

22-7 

•01040 

25-7 

6 

2110 

22 

46-9 

•00984 

20-8 

•01117 

23-6 

1700 

23 

40-4 

•01051 

17-9 

•01200 

20-4 

8 

1477 

23 

37-5 

•Ml 125 

16-6 

•01291 

19-1 

9 

1363 

24 

371 

•01205 

16-4 

•01390 

18-9 

60 

1348 

25 

39-4 

•01293 

17-4 

•01499 

20-2 

1 

806 

12 

25-3 

•01389 

11-2 

•01618 

130 

2 

712 

12 

24-0 

•01493 

10-6 

•01748 

12-4 

3 

541 

10 

19-6 

•01608 

8-7 

•01889 

10-2 

4 

438 

5 

17-1 

•01732 

7-6 

•02044 

9-0 

Totals 

467357 

1909 

4312-3  | 

1908-3 

1907-4 

314  On  a  Short  Method  of  Constructing  [April 


Table  VI  (b). 
OtM]  Select  Table.    Year  1  to  2. 


Age 
[_x]  +  1 

Original  Data 

OM(5) 

King 

Hardy 

At  Risk 

Actual 
Deaths 

Expected 
Deaths 

STM+l 

Expected 
Deaths 

3M+1 

Expected 
Deaths 

\  21 
2 

I  3 
4 
25 

5128 
8939- 
11182 
13603 
16215 

30 
44 
49 
57 
81 

33-8 
59-4 
751 
92-5 
111-7 

•00430 
•00433 
•00438 
•00443 
•00449 

221 
38-7 
49-0 
60-3 
72-8 

•00437 
•00442 
•00446 
•00451 
•00457 

22-4 
39-5 
49-9  ! 
61-3 
741 

26 
7 

9 
30 

18530 
19684 
20192 
20540 
20901 

81 
71 

97 
70 
98 

129-3 
139-6 
145-6 
150-4 
156-1 

•00455 
•00462 
•00470 
•00477 
•00487 

84-3 
90-9 
94-9 
98-0 
101-8 

•00463 
•00469 
•00476 
•00484 
•00493 

85-8 
92-3 
96-1 
99-4  ; 
1030 

3^ 

3 
4 
35 

21401 
19698 
19072 
18254 
17195 

93 
89 
89 
106 
89 

1631 
1531 
151-8 
1490 
143-9 

•00497 
•00506 
•00519 
•00532 
•00546 

106-4 
99-7 
99-0 
97-1 
93-9 

•00502 
•00512 
•00523 
•00536 
•00549 

107-4 
100-9 
99-7  1 
97-8  ! 
94-4 

36 
7 
8 
9 

40 

16615 
15391 
13888 
13183 
12494 

89 
89 
94 
82 
79 

142-9 
136-4 
1271 
124-6 
122-2 

•00561 
•00577 
•00596 
•00616 
•00637 

93-2 
88-8 
82-8 
81-2 
79-6 

•00564 
•00580 
•00597 
•00616 
•00637 

93-7 
89-3 
82-9  i 
81-2  | 
79-6 

41 

2 
3 

:  45 

11928 
10478 
9734 
8946 
8174 

CO 

83 
65 
65 
65 
63 

1211 
110-6 
107-0 
102-5 
98-1 

•00662 
•00688 
•00716 
•00747 
•00782 

79-0 
721 
69-7 
66-8 
63-9 

•00660 
•00685 
•00713 
•00742 
•00775 

78-7 
71-8 
69-4 
66-4 
63-3 

46 
7 
s 
9 

50 

7710 
6690 
6062 
5479 
5012 

71 

57 
60 
53 
49 

96-8 
88-3 
84-1 
80-2 
77-4 

•00819 
•00860 
•00905 
•00954 
•01007 

631 
57-5 
54-9 
52-3 
50-5 

•00811 
•00850 
•00893 
•00940 
•00991 

62-5 
56-9 
541 
51-5 
49-7 

51 

2 
3 

4 

55 

4908 
3797 
3440 
2964 
2660 

62 
51 
51 
46 
36 

80-2 
65-7 
63-3 
58-0 
55-4 

•01065 
•01128 
•01199 
•01275 
•01358 

52-3 
42-8 
41-2 
37-8 
361 

•01047 
•01108 
•01175 
•01249 
•01329 

51-4  | 
421  1 
40-4 
370 
35-4 

56 
7 
8 
9 

60 

2312 
1980 
1583 
1395 
1283 

33 
41 
29 
28 
24 

51-4 
47-0 
40-2 
38-0 
37-5 

•01448 
•01548 
•01656 
•01774 
•01904 

33-5 
30-7 
26-2 
24-7 
24-4 

•01416 
•01511 
•01616 
•01730 
•01855 

32-7 
29-9 
25-6 
24-1 
23-8 

61 

2 
3 
4 
65 

1262 
762 
673 
512 
421 

25 
19 
23 
10 

i  11 

39-6 
25-7 
24-4 
20-0 
17-8 

•02045 
•02198 
•02367 
•02550 
•02751 

25-8 
16-7 
15-9 
13-1 
11-6 

•01991 
•02140 
•02302 
•02480 
•02674 

25-1 
16-3 
15-5 
12-7 
11-3 

Totals 

1 

432270 

2697 

4137-9 

|  2697-1 

2698-3 

1921.] 
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Table  VI  (c) 


0[M1  Select  Talk.     Year  2  to  3. 


Original  Data 


King 


Age 
x  +  2 

At  Risk 

Actual 

Deaths 

Expected 
Deaths 

Bxpected 
Deaths 

9  .r  -: 

Expected 
Deaths 

4694 

25 

31-2 

•00494 

23-2 

AA  ^  AO 

16  0 

3 

8194 

45 

551 

•00499 

40-9 

■00507 

41-5 

■4 

10357 

70 

70-4 

•00505 

52-3 

•00512 

53.0 

25 

12571 

69 

86-6 

•00512 

64-4 

•00518 

65-1 

6 

15045 

69 

105-0 

•00518 

77-9 

•00525 

79-0 

1  <3b8 

/  0 

123T 

-UU52  < 

91-5 

A  A  K  9Q 

•OOooJ 

AO  4 

02-4 

8 

18382 

87 

132-5 

•00536 

98-5 

•00540 

99-3 

9 

18993 

117 

1390 

•00544 

103-3 

•00549 

104-3 

30 

19442 

93 

145-2 

•00555 

107-9 

•00558 

10S-5 

1 

19726 

109 

150-3 

•00566 

111-6 

•00569 

112-2 

oo 
dZ 

OA/  lO  1 

20081 

ill 

156-0 

•OOo /  / 

115-9 

•00580 

1  ic  - 

1  Ibo 

3 

18608 

110 

1481 

■00591 

1100 

•00592 

110-2 

4 

18044 

122 

147-2 

•00606 

109-3 

•00606 

109-3 

35 

17239 

104 

144-3 

•00622 

107-2 

•00621 

107-1 

6 

16205 

99 

139-4 

•00639 

103-5 

•00637 

103-2 

o  — 
Ol 

1  K  TO  O 

1 1  - 
llo 

139-4 

•00658 

103-5 

•uuooo 

1  AO  A 

10o-0 

8 

14593 

88 

133-5 

•00680 

99-2 

•00675 

98-5 

9 

13134 

88 

1241 

•00702 

92-2 

•00696 

91-4 

40 

12453 

95 

121-8 

•00720 

90-4 

•00719 

89-5 

1 

11838 

93 

120-2 

■00754 

89-3 

•00745 

88-2 

4-. 

LL661 

85 

119-7 

•00784 

88-8 

•UUi  /  6 

87-0 

3 

10013 

70 

1100 

•00816 

81-7 

•'"1  Mil} 

80-4 

4 

9276 

86 

106-3 

•00851 

78-9 

•00836 

77-5 

45 

8463 

71 

101-0 

•00891 

75-4 

•00873 

73-9 

6 

7763 

78 

97-5 

•00933 

72-4 

•00913 

70-9 

47 

i  6lv 

68 

96-5 

•00980 

71-6 

AAA  K  Cl 

8 

6338 

65 

88-0 

•01031 

65-3 

•01004 

63-6 

9 

5784 

62 

S4-6 

•01087 

62-9 

•01056 

6M 

50 

5184 

57 

80-1 

•01148 

59-5 

•01113 

57-7 

1 

4773 

50 

78-0 

•01214 

57-9 

•01175 

561 

-  o 

4  ti  q  n 

78 

80-3 

•01286 

59-7 

Al  O  4  4 

■01  J44 

57-7 

3 

3556 

41 

65-4 

•01366 

48-6 

•01318 

46-9 

4 

3278 

51 

64- 1 

•01453 

47-6 

•01399 

45-9 

55 

2816 

63 

58-7 

•01547 

43-6 

•01488 

41-9 

6 

2515 

28 

55-9 

•01650 

41-5 

•01586 

39-9 

_lbl 

4  A 

ol-o 

•01764 

OO  1 

6b' L 

AT  (1  AO 

•OlbO- 

ob-b 

8 

1873 

37 

47-6 

•olSs7 

35-3 

•01808 

33-9 

9 

1511 

33 

411 

-02022 

30-6 

•01935 

29-2 

(30 

1335 

28 

39  0 

•02170 

29-0 

•02073 

27-7 

1 

1215 

29 

381 

•02331 

28-3 

•ii222o 

270 

02 

1181 

31 

39-8 

•02505 

29-6 

•02390 

28-2 

3 

731 

21 

26-5 

•02698 

19-7 

•02571 

18-8 

4 

626 

17 

24-5 

•02906 

18-2 

•02768 

17-3 

65 

487 

11 

20-6 

•113135 

15-3 

•02983 

14-5 

6 

395 

15 

18-0 

•03383 

13-4 

•03218 

12-7 

Totals 

407250 

3005 

4045-6 

3004-9 

2972-7 

316  On  a  Short  Method  of  Constructing  [April 


Table  VI  (d). 
0CM]  Select  Table.    Year  3  to  4. 


Age 

[.T  j  +  3 

Original  Data 

0M<5) 

King 

Hardy 

At  Risk 

Actual 
Deaths 

Expected 
Deaths 

Expected 
Deaths 

Expected 
Deaths 

23 

25 
6 
7 

4365 
7686 
9713 
11890 
14239 

24 
52 
59 
57 
75 

29-3 
52-3 
66-9 
83-0 
101-0 

•00529 
•00535 
•00543 
•00550 
•00558 

231 
411 

52-7 
65-4 
79-5 

•00539 
•00545 
•00552 
•00559 
•00567 

23-5 
41-9 
53-6 
66-5 
80-7 

28 
9 

30 
1 

2 

16507 
17489 
18004 
18508 
18892 

90 
93 
96 
105 
127 

119-0 
128-0 
134-5 
1410 
146-8 

•00568 
•00576 
•00588 
•00600 
•00612 

93-8 
100-7 
105-9 
1110 
115-6 

•00576 
•00585 
•00595 
•00607 
•00619 

95-1 
102-3 
1071 
112-3 
116-9 

33 

6 
7 

19191 
17836 
17220 
16553 
15587 

105 
112 
94 
117 
122 

152-8 
145-5 
144-1 
142-4 
1381 

•00627 
•00643 
•00659 
•00677 
•00698 

120-3 
114-7 
113-5 
1121 

108-8 

•00633 
•00647 
•00664 
•00681 
•00701 

121-5 
115-4 
114-3 
112-7 
109-3 

38 
9 

40 
1 

2 

14985 
13967 
12670 
11970 
11358 

112 

108 
98 
89 
98 

1371 
1320 
123-9 
121-5 
119-9 

•00720 
•00744 
•00770 
•00799 
•00832 

107-9 
103-9 
97-6 
95-6 
94-5 

•00722 
•00745 
•00770 
•00798 
•00829 

108-2 
1041 
97-6 
95-5 
94-2 

43 

45 
6 
7 

10861 
9681 
8890 
8128 
7480 

92 
103 

89 
82 
60 

119-4 
110-9 
106-7 
102-1 

98-7 

•00865 
•00902 
•00945 
•00989 
•01039 

93-9 
87-3 
84-0 
80-4 
77-7 

•00862 
•00898 
•00938 
•00981 
•01028 

93-6 
86-9 
83-4 
79-7 
76-9 

48 
9 

50 
1 
o 

7024 
6052 
5540 
4956 
4595 

75 
76 

82 
69 

71 

97-5 
88-5 
oo  u 
81-0 
79-5 

•01093 
•01152 
•01217 
•01287 
•01363 

76-8 
69-7 
67-4 
63-8 
62-6 

•01080 
•01137 
•01199 
•01267 
•01341 

75-9 
68-8 
66-4 
62-8 
61-6 

53 

55 
6 
7 

4409 
3426 
3138 
2665 
2413 

72 
52 
52 
46 
45 

811 

670 

59-2 
57-3 

•01448 
•01540 
•01640 
•01750 
•01870 

63-8 
52-8 
51-5 
46-6 
451 

•01422 
•01510 
•01607 
•01713 
•01828 

62-7 
51-7 
50-4 
45-7 
44- 1 

58 
9 

(50 
1 
2 

2073 
1814 
1468 
1291 
1151 

44 
33 
22 
38 
35 

52-7 
49-4 
42-9 
40-5 
38-8 

•02001 
•02143 
•02300 
•02471 

•02656 

41-5 
38-9 
33-8 
31-9 
30-6 

•01955 
•02092 
•02243 
•02408 
•02587 

40-5 
37-9 
32-9 
31-1 
29-8 

63 
4 

65 
.  6 
7 

1116 

691 
590 
472 
377 

32 
27 

9 
15 

8 

40-5 
27-0 
24-9 
21-5 
18-5 

•02860 
•03080 
•03324 
•03586 
•03872 

31-9 
21-3 
19-6 
16-9 
14-6 

•02783 
•02997 
•03231 
•03486 
•03764 

3M 
20-7 
191 
16-5 
14-2 

Totals 

388931 

3162 

4015-7 

31621 

31571 

1921.] 
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Table  VI  (e). 
OtM]  Select  Table.    Year  4  to  5. 


Age 
r  ~i  i  a 
X   +  4 

Original  Data 

OM(5) 

Expected 
Deaths 

King 

Hardy 

At  Risk  j 

Actual 
Deaths 

Expected 
Deaths 

Expected 
Deaths 

24 

25 

g 

7 
8 

4144 
7238 
9218 
11351 
13618 

22 
61 

56 
59 
70 

28-2 
49-9 

D-r  O 

80-5 
98-2 

•00552 
•00559 
•00567 
•00575 
•00585 

22-9 
40-5 
52-3 
65-3 
79-7 

•00571  j 

•00578 

•00586 

•00594 

•00603 

23-7 
41-8 
54-0 
67-4 
82-1 

29 
30 
I 

2 
3 

15840 
16774 
17248 
17796 
18124 

83 
107 
115 
110 
113 

115-9 
125-3 
1 31  -± 

XOL  -t 

138-3 
144-3 

•00594 
•00606 
•00618 
•00631 
•00646 

94-1 
101-7 
106-6 
112-3 
1171 

•00614 
•00625 
•00637 
•00650 
•00664 

97-3 
104-8 
109-9 
115-7  . 
120-3 

34 
35 

8 

18496 
17172 
16591 
15897 
14953 

121 
121 
112 
121 
117 

150-9 
143-7 

1 19-7 

140-8 
136-8 

•00662 
•00679 
•00698 
•00719 
•00743 

122-4 
116-6 
115-8 
114-3 
111-1 

•00680 
•00698 
•00717 
•00737 
•00760 

125-8 
119-9 
1190 
117-2 
113-6 

39 
40 
1 
2 

3 

14427 
13438 
12248 
11528 
10949 

109 
113 
103 
88 
106 

136-3 
131-4 

1  91-3 

121-7 
120-3 

•00767 
•00794 
•00824 
•00857 
•00892 

110-7 
106-7 
100-9 
98-8 
97-7 

•00785 
•00812 
•00842 
•00874 
•0C910 

113-3 
109-1 
1031 
100-8 
99-6 

44 
45 
g 

7 

8 

10511 

9362 
8573 
7801 
7193 

on 
97 

81 

81 

84 
66 

120-5 
112-3 

1  07.7 

103-0 
99-8 

•00930 
•00974 
•01019 
•01071 
•01127 

97-8 
91-2 
87-4 
83-5 
SM 

•00948 
•00991 
•01037 
•01088 
•01143 

99-6 
92-8 
88-9 
84-9 
82-2  ■ 

.  49 
I  50 
1 

1  2 

'  3 

6789 
5814 
5342 
4787 
4419 

84 
76 
70 
69 
70 

99-3 
89-8 

O  i  o 

82-9 
81-3 

•01187 
•01254 
•01326 
•01405 
•01493 

80-6 
72-9 
70-8 
67-3 
66-0 

•01204 
•01270 
•01343 
•01422 
•01509 

81-7 
73-8 
71-7 
68-1 
66-7 

54 
55 
6 
i 

8 

4242 
3288 
3048 
2572 
2327 

69 
41 
74 
45 
46 

83-0 
68-5 

611 
591 

•01588 
•01691 
•01803 
•01928 
•02062 

67-4 
55-6 
550 
49-6 
48-0 

•01603 
•01707 
•01820 
•01943 
•02078 

68-0 
561 
55-5 
50-0 
48-4 

59 
60 
1 
2 
3 

Z\J\)Z 

1743 
1446 
1233 
1100 

42 
42 
35 
32 
24 

54-5 
50-9 
45-4 
41-6 
40-0 

•02209 
•02371 
•02547 
•02738 
•02948 

44-2 
41-3 
36-8 
33-8 
32-4 

•02226 
•02387 
•02562 
•02754 
•02964 

44-6 
41-6 
370 
34*0 
32-6 

64 
65 
6 
7 
8 

1062 
660 
575 
448 
365 

1  30 
22 

!  2~ 
23 

24 

41-5 
27-9 
26-2 
22-0 
19-4 

•03175 
•03426 
•03696 
•03992 
•04315 

33-7 
22-6 
!  21-3 
17-9 
15-7 

•03193 
•03442 
•03715 
•04012 
•04336 

33-9 
22-7 
21-4 
18-0 
15-8 

Totals 

373752 

3261 

4017-9 

3261-4 

3328-4  . 
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Original  Data 

O*  - 

Factors 

Graduated  Ultimate  Table 

Age 

X 

At  Risk 

Actual 
Deaths 

Expected 
Deaths 

Milne's 
Method 

Graduated 

Expected 
Deaths 

Deviation 

20 
1 

o 

3 
4 

194 
397 
732 
1180 
1764 

1 
1 

/ 

6 

1-  3 

2-  6 
4-9 
7-9 

120 

•607 
•607 
•607 
•608 
•609 

•60500 
•60560 
•60670 
•60780 
•60887 

Anon  4 

•00399 
•00403 
•00408 
•00414 

0-  8 

1-  6 

2-  9 
4-8 
7-3 

—  1-2 
+  0-6 
+  1-9 

-  2-2 
+  1-3 

25 
6 

8 
9 

2613 
3726 
4853 
6102 
7535 

8 
20 
19 
27 

35 

18-0 
26-0 
34-4 
44-0 
55-2 

•611 
•612 
•614 
•616 
•619 

•b0990 
•61118 
•61293 
•61558 
•61972 

.f\{\A  OA 

•00427 
•00435 
•00444 
•00454 

11-0 
15-9 
211 
271 
34-2 

O  A 

+  o-O 

-  4-1 
+  21 
+  01 

-  0-8 

30 
1 
2 

3 
4 

9036 
10499 
11942 
13315 
14574 

Id 
58 
50 
72 
95 

67-5 
80-0 
92-8 
106-0 
118-9 

•oJ4 
•631 
•640 
•654 
•676 

•o2o9/ 
•63470 
•64577 
•65846 
•(37162 

A  A  4  ao 

•00484 
•00502 
•00524 
•00548 

42-3 
50-8 
59-9 
69-8 
79-9 

+  1  /  -3 

-  7-2 
+  9-9 

-  2-2 
-151 

35 

6 

8 
9 

15902 
16863 
17719 
18391 
18689 

111 

91 
87 
125 
134 

1331 
1450 
157-0 
168-3 
176-6 

•692 
•699 
•703 
•708 
•713 

•68399 
•69455 
•70286 
•70902 
•71356 

•00572 
•00597 
•00623 
•00649 
•00674 

91-0 
100-7 
110-4 
119-4 
126-0 

-  20-0 
+  9-7 
+  23-4 

-  5-6 

-  8-0 

40 
1 
2 
3 
4 

18940 
18938 
18754 
18593 
18102 

150 
141 
136 
]55 
140 

185-2 
192-2 
198-0 
204-3 
207-4 

•716 
•720 
•723 
•726 
•729 

•71713 
•72028 
•72331 
•72636 
•72944 

•00701 
•00731 
•00764 
•00798 
•00836 

132-8 
138-4 
143-3 
148-4 
151-3 

— 17-2 

-  2-6 
+  7-3 

-  6-6 
+  11-3 

45 

6 

8 
9 

17836 
17299 
16599 
15807 
15190 

134 
158 
174 
161 
170 

214-0 
217-3 
219-1 
219-4 
222-2 

•733 
•736 
•739 
•742 
•745 

•73252 
•73562 
•73885 
•74231 
•74608 

•00879 
•00924 
•00975 
•01030 
•01092 

156-8 
159-8 

161-  8 

162-  8 
165-9 

+  22-8 
+  1-8 
-12-2 
+  1-8 
-  4-1 

50 
1 
2 

3 
4 

14oo/ 
13926 
13282 
12619 
11929 

160 
172 
183 
162 
194 

224-9 
227-6 
229-9 
232  1 
233-3 

•749 
•754 
•759 
•764 
•768 

•75019 
•75454 
•75889 
•76298 
•76655 

•01159 
•01233 
•01314 
•01403 
•01499 

168-7 
171-7 
174-5 

177-  0 

178-  8 

+  8-7 

-  0-3 

-  8-5 
+  15-0 
-15-2 

55 
6 
J 

8 
9 

10602 
9944 
9265 
8553 

1  CO 

loo 
170 
171 
170 
179 

235-1 

235-  6 

236-  2 
235-4 
232-8 

•  /  /O 
•772 
•773 
•774 
•775 

-fin  t  i 

•77165 
•77326 
•77445 
•77536 

AT  CiAO 

•01715 
•01836 
•01968 
•02111 

1  OA  A 

181-  8 

182-  6 
182-3 
180-6 

.    1  T  A 

+  1  /  -9 
+  11-8 
+  11-6 
+  12-3 
+  1-6 

GO 
1 
2 
3 
4 

7803 
7029 
6294 
5558 
4884 

170 
172 
185 
153 
166 

227-9 
220-6 
212-3 
201-9 
1911 

•776 
•777 
•778 
•778 
•778 

•77604 
•77653 
•77689 
•77723 
•77784 

•02267 
•02437 
•02620 
•02823 
•03043 

176-9 
171-3 
164-9 
156-9 
148-6 

+  6-9 
-  0-7 
-20-1 
+  3-9 
-17-4 

Carried 
forward 

499614 

5063 

6907-3 

5095-7 

+  32-7 

VOL.  LTI. 
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Table  VIII  (continued). 


Australian  Ultimate  Table  (AMP) 


Original  Data. 

Factors 

Graduated  Ultimate  Table 

QM(5) 

Age 

Expected 

X 

At  Risk 

Actual 

Deaths 

Milne's 

Graduated 

Expected 

Deviation 

Deaths 

Method 

9.x 

Deaths 

Brought 

499614 

5063 

6907-3 

5095-7 

+  32-7 

forward 

65 

4ooO 

1  **7 
10  / 

183-0 

•  77Q 

/  /  y 

.77Q1 9 

/  /  yiz 

1 ,19.  ft 

+  DO 

6 

'ill  A 

7  d.ft 

171-9 

/  oil 

.7Q1  zl^ 

VJOOOu 

lo-l  o 

1  Q.7 

7 

Q9^ft 
oZOo 

1  9A 

160-2 

.789 
/  oZ 

.78^1 ,1 

•  A^ftfil 

1 9^. ft 

1ZO  o 

fk.9 
—    U  Z 

8 

2816 

138 

149-7 

•788 

•79022 

•04202 

118-3 

-19-7 

9 

2350 

110 

1351 

•796 

•79643 

•04578 

107-6 

-  2-4 

70 

iyo4 

1  AO 

123-4 

•oU"± 

oUoZO 

vv  1 

—  i  o  y 

1 

1  OZo 

8<l 

109-2 

•  ftl  9 
•olZ 

•fti  m  n 

'olUlU 

uotoo 

ftft.f^ 
oo  O 

+  o  o 

2 

1  ^19A 
loZ<± 

ftQ 

96-5 

.81  ft 
•olo 

.ftl AQft 

VOaOL 

7ft. ft 

A.  9 
—    '*  Z 

3 

1038 

65 

82-0 

•822 

•82169 

•06488 

67-3 

+  2-3 

4 

810 

63 

69-3 

•826 

•82584 

•07063 

57-2 

-  5-8 

75 

£9Q 
OZo 

oo 

57-7 

oov 

•  ft9ftftl 
•oZool 

•  07fiftl 

U  t  UOi 

<±  /  y 

+  y  y 

6 

/l  Ql 

4yi 

OO 

49-3 

•  ftQl 

.8^ft7zL 
•OoU  / <± 

•  Oft^ztJ. 

UOO'i'i 

<±i  .n 

41  U 

+    O  U 

7 

*}7^l 
o  to 

9^1 

zo 

40-6 

.ftQ9 
ooZ 

.8Q1  ftA 

uyutjo 

OO  O 

•  i  n.ft 

+  1U  O 

8 

298 

37 

35-2 

•832 

•83234 

•09818 

29-3 

-  7-7 

9 

214 

31 

27-4 

•832 

•83248 

•10640 

22-8 

-  8-2 

80 

loo 

1  A 
ID 

21-5 

•  ftQ9 
ooZ 

.8^9.10 

•ooZ'iy 

.1 1  ^97 

1  7-Q 

i  /  y 

+  l  y 

1 

11Z 

1  A 

16-8 

•  ft^9 
ooZ 

•ooZOo 

•  1  9J.8Q 

IZtOcF 

14:  U 

+    v  vj 

2 

78 
/o 

4: 

12-7 

•  ftQ9 
ooZ 

•ftQQl A 

lOOOl 

1U  U 

+    o  o 

3 

59 

11 

10-4 

•832 

•83430 

•14666 

8-7 

-  2-3 

4 

35 

6 

6-7 

•832 

•83635 

•15906 

5-6 

-  0-4 

85 

oo 

ZO 

H 
1 

5-8 

.819 
•ooZ 

•ooyoo 

.1  79A^l 
1  /  ZOO 

o  u 

—   Z  V 

6 

1  7 
1  I 

O 

3-8 

.8Q9 
ooZ 

.8/1,19^ 

•O'i'iZO 

.1  87^0 
1 0  I  ov 

^•9 

O  — 

j.  n-9 

7 

13 

Q 
O 

31 

.8Q9 
•ooZ 

•oOUDO 

.9f»ztflQ 

•zu-iuy 

9.7 

z-  / 

—   U  o 

8 

8 

2 

2-1 

•85909 

•22237 

1-8 

-  0-2 

9 

4 

0 

h\ 

•86983 

•24271 

10 

+  10 

90 

o 
o 

i 

0-9 

•ooolo 

zoooo 

n.ft 
us 

n.9 
—  u  z 

1 

2 

0 

0-6 

•89945 

•29068 

0-6 

+  0-6 

2 

2 

1 

0-7 

•91894 

•31905 

0-6 

-  0-4 

o 
o 

•94199 

•35087 

4 

•96890 

•38662 

95 

•99999 

•42679 

6 

•47338 

7 

•52840 

8 

•59385 

... 

9 

•67173 

... 

100 

•76405 

1 

•87280 

2 

•99999 

Totals 

525442 

6365 

8484-0 

6362-5 

-  2-5 
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Table  IX. 


(AMP)M  jl  Ultimate  Table.    Summary  in  Age  Groups. 


Original  Data 

Graduated  Table 

Expected 

Attained 

Ages 

At  Risk 

Actual 
Deaths 

Deaths 

Expected 
Deaths 

Deviation 

20  to  24 

4267 

17 

28-7 

17-4 

+  0-4 

25  „  29 

24829 

109 

177-6 

109-3 

+  0-3 

30  „  34 

59366 

300 

465-2 

302-7 

+  2-7 

35  „  39 

87564 

548 

780-0 

547-5 

—  0-5 

40  „  44 

93327 

722 

987-1 

714-2 

-  7-8 

45  „  49 

82731 

797 

1092-0 

807-1 

+  101 

rA             t>  A 

OU  04 

66313 

871 

870-7 

-  0-3 

55  „  59 

49649 

853 

1175-1 

908-2 

+  55-2 

00  „  64 

Q  1  xao 

O  LOVO 

846 

1053-8 

OlO  u 

97.1 

65  „  69 

16534 

659 

799-9 

628-6 

-30-4 

70  „  74 

6779 

410 

480-4 

390-9 

-19-1 

75  „  79 

1999 

165 

210-2 

174-8 

+  9-8 

80  „  84 

439 

51 

68-1 

56-8 

+  5-8 

85  „  89 

70 

15 

15-9 

13-7 

-  1-3 

90  „  94 

7 

2 

2-2 

2-0 

0-0 

+  84-3 

Totals 

525442 

6365 

8484-0 

6362-5 

-86-8 

Table  X, 

Factors  by  which  to  multiply  (AMP)M(5)  Ultimate  qx,  so  as  to  obtain 
the  (AMP)CM]  Select  q[x],  Q[xn-2,  Qlxl+s,  2te]+4i  which  will 

reproduce  by  Age  Groups  the  Actual  Deaths  of  the  Original  Data. 


Entry  Ages 
of  Groups 

Year  0  to  1 

• 

Year  1  to  2 

Year  2  to  » 

Year  3  to  4 

Year  4  to  5 

15  to  19 
20  „  24 
25  „  29 
30  „  34 
35  „  39 
40  „  44 
45  „  49 
50  „  54 
55  „  59 
60  „  64 

•54348 
•73482 
•67868 
•69990 
•59313 
•71808 
•44610 
•54830 
•45249 
•53763 

•92199 
•70968 
•91399 
•81609 
•64951 
•87156 
•61350 
•73239 
•72464 
1  02273 

•78740 
•75294 
•97983 
•76923 
•89286 
•79239 
•95436 
•82153 
•72816 
1-72414 

•35398 
1-17048 
•76220 
•84472 
•83777 
•99836 
•52521 
•64789 
1  07317 
•96386 

•80000 
•93407 
1-13965 
•84306 
•81831 
•82770 
•70513 
•81461 
•90909 
•97561 

15  to  39 
40  „  64 

•66542 
•57373 

•78393 
•76408 

•85255 
•88118 

•84958 
•80347 

•91896 
•80778 

15  to  64 

•63370 

•77656 

•86345 

•83165 

•87485 

•I 
\ 

Factors  adopted  for  the  final  Graduation. 

i  

15  to  64 

•63370 

•77656 

•83315 

•86312 

•87485 

2  a  2 
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Table  XI  (a). 


(AMP)[M]  Select  Table.    Year  0  to  1. 


Age 

[«] 

Original  Data 

(AMP)M<5) 
Ultimate 
Expected 
Deaths 

Select  Graduated  Table 

1 

At  Risk 

Actual 
Deaths 

Expected 
Deaths 

Deviation 

15 

Q 

7 
8 
9 

397 
612 
922 
1214 
1628 

4 
1 

5 

1-  5 

2-  4 

3-  5 

4-  7 
6-3 

•00243 
•00243 
•00244 
•00245 
•00247 

10 

1-  5 

2-  2 

3-  0 

4-  0 

+  1-0 
+  1-5 

-  1*8 
+  2-0 

-  10 

20 

2 
3 
4 

2170 
2872 
3186 
3454 
3794 

8 
11 
7 
8 
12 

8-5 

X  1  o 

12-8 
141 
15-7 

•00250 
•00253 
•00255 
•00258 
•00262 

5-4 

7-  3 
81 

8-  9 

9-  9 

-  2-6  ; 

-  3-7 
+  11 
+  0-9 

-  21  ! 

25 
6 

7 
8 
9 

4109 
4234 
4383 
4483 
4394 

10 

7 
18 

20 
9 

17-3 

1  8-1 

1  O  A 

191 
19-9 
19-9 

•00266 
•00271 
•00276 
•00281 
•00288 

10-  9 

11-  5 
121 

12-  6 
12-7 

+  0-9  : 

+  4-5 

-  5-9 

-  7-4 
+  3-7 

30 
I 

2 
3 
4 

4682 
4243 
4108 
3985 
3728 

13 
16 
17 
15 
12 

21-9 

20-6 
20-9 
20-4 

•00297 
•00307 
•00318 
•00332 
•00347 

13-9 
13-0 
131 
13-2 
12-9 

+  0-9  1 

-  30 

-  39  : 

-  1-8 

+  0-9 

35 
6 
7 
8 
9 

3623 
3281 
3062 
2954 
2601 

11 
10 
11 

17 

8 

20-7 

1  Q.fi 
IV  u 

191 
19-2 
17-5 

•00362 
•00378 
•00395 
•00411 
•00427 

13-1 
12-4 
121 
121 
111 

+  2-1 
+  2-4 
+  11 
-  4-9 
+  3-1 

40 
i 

A 

2 
3 
4 

2703 
2101 
1854 
1715 
1558 

11 

14 
10 
6 
13 

18-9 

14-2 
13-7 
130 

•00444 
•00463 
•00484 
•00506 
•00530 

120 
9-7 
9-0 
8-7 
8-3 

+  1-0 

-  4-3 

-  1-0 
+  2-7 

-  4-7 

45 

0 

8 
9 

1566 
1182 
1019 

952 
862 

8 
6 
2 
4 
4 

13-8 

9-9 
9-8 
9-4 

•00557 
•00586 
•00618 
•00653 
•00692 

8-7 
6-9 
6-3 
6-2 
6-0 

+  0-7 
+  0-9  ! 
+  4-3 
+  2-2 
+  2-0 

50 

i 
i 

2 

3 

4 

887 
647 
547 
464 
418 

11 

5 
2 
3 

10-3 

O  \J 

7-2 
6-5 
6-3 

•00734 
•00781 
•00833 
•00889 
•00950 

6-5 
51 
4-6 
41 
4-0 

-  4-5 
+  0-1 
+  2-6 
+  1-1 

+•  4-0 

55 
6 
7 
8 
9 

397 
259 
210 
177 
185 

4 
2 

3 

i 

6-4 
4-4 
3-9 
3-5 
3-9 

•01016 
•01087 
•01163 
•01247 
•01338 

41 

2-8 
2-5 
2-2 
2-5 

+  01 
+  0-8 
-  0-5 
+  2-2 
+  1-5 

00 
1 
2 
3 
4 

175 
92 
49 
36 
26 

4-0 
22 
1-3 
10 
0-8 

•01437 
•01544 
•01660 
•01789 
•01928 

2-5 
1-4 
0-8 
0-6 
0-5 

+  1-5 
+  0-4 

-  0-2 

-  0-4 

-  0-5 

Totals 

|  98200 

364 

574-4 

364-0 

Nil. 

1921.] 
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Table  XI  (b). 
(AMP)EMj  Select  Table.     Year  1  to  2. 


Original  Data 

BSI.BC1  Gf.advatkd  TABLE 

Age 

AMP  »  \ 

>I  ~  1 

Ultimate 

At  Risk 

Actual 

Expected 

Expected 

Deviation 

Deaths 

Deaths 

Deaths 

1  »i 
10 

315 

a 

1*2 

•00298 

0-9 

-  1-1 

459 

1 

1*8 

•00299 

1-4 

+  0-4 

8 

709 

o.- 

•00301 

2-1 

+  2-1 

9 

941 

8 

3-7 

•00303 

2-9 

-  5-1 

20 

1182 

2 

4-7 

■00306 

3-6 

+  1-6 

9  1 
_  1 

1602 

4 

6-4 

•00310 

5-0 

+  10 

a 

2123 

1 

8*6 

•00313 

6-6 

-  0-4 

3 

2277 

7 

9-3 

•00317 

7-2 

+  0-2 

4 

2502 

9 

10-4 

•00321 

8-0 

"  *2 

25 

2812 

6 

11-8 

•00326 

9-2 

* 32  | 

_0 

3119 

12 

lO'd 

•00332 

10-4 

-  1-6 

3230 

10 

14-1 

•00338 

10-9 

+  0-9 

8 

3391 

17 

15-1 

•00345 

11-7 

-  5-3 

9 

345S 

14 

15-7 

•00353 

12-2 

-  1-8 

30 

3461 

15 

16-2 

•00363 

12-6 

-  2-4 

d  I 

3693 

12 

1  i  V 

•00376 

13-9 

+  1-9 

9 

3370 

9 

I5.9 

•00390 

131 

+  4-1 

3 

331S 

8 

17-4 

•00407 

13-5 

+  5-5 

4 

3220 

21 

17-6 

•00426 

13-7 

-  7-3 

35 

3014 

21 

17-2 

•00444 

13-4 

-  7-6 

oO 

2917 

12 

1  I  'i 

•00464 

13-5 

+  1-5 

2691 

10 

1  tv  S 

•004S4 

13-0 

+  30 

8 

2497 

12 

16-2 

•00504 

12-6 

h-  0-6 

9 

2416 

9 

16-3 

•00523 

12-6 

+  3-6 

40 

2129 

10 

14-9 

•00544 

11-6 

+  1-6 

1 1 

2226 

17 

lo-o 

•00568 

12-6 

-  4-4 

2 

1773 

12 

13-5 

•00593 

10-5 

-  1-5 

3 

1519 

10 

12-1 

•00620 

9-4 

-  0-6 

4 

1447 

9 

12-1 

•00649 

9-4 

+  0-4 

45 

1297 

9 

11-4 

•00683 

S-9 

-  0-1 

■iO 

1301 

7 

1_U 

•0071S 

9-4 

+  2-4 

1018 

9 

9-9 

•00757 

'_' 1 

+  5-7 

8 

900 

8 

9-3 

■00800 

' 

-  0-8 

9 

810 

5 

8-8 

•00848 

6-9 

+  1-9  . 

50 

764 

8 

8-9 

•00900 

6-9 

-  1-1 

01 

755 

6 

■00957 

7-2 

+  1-2 

o 

574 

6 

7  *5 

■01020 

5-9 

-  0-1 

3 

468 

5 

6-6 

■01090 

5-1 

+  0-1 

4 

409 

6 

6-1 

•01164 

4-8 

-  1-2 

55 

373 

3 

6-0 

■01245 

4-6 

+  1-6 

DO 

ooo 

5 

5-8 

4  .  K 
-4"0 

—  U'O 

/ 

232 

1 

4-3 

■01426 

3-3 

+  2-3 

8 

181 

A 

3-6 

2*8 

9 

156 

3-3 

■01639 

2-6 

+  2-6 

60 

164 

5 

3-7 

•01760 

2-9 

-  21 

61 

155 

3 

3-8 

•01S92 

2-9 

-  0-1 

9 

76 

3 

2-0 

•02035 

1-5 

-  1-5 

3 

44 

1-2 

•02192 

1-0 

+  1-0 

4 

33 

3 

1-0 

•02363 

0-8 

-  2-2 

65 

24 

0-8 

•02554 

0-6 

+  0-6 

Totals  | 

77S83 

375 

4S2-9 

375-0 

Nil 
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Table  XI  (c). 
(AMP)CM]  Select  Table,    Year  2  to  3. 


Age 

|>]  +  2 

Original 

Data 

(AMP)M<5) 
Ul  t  inns  to 
Expected 
Deaths 

Select  Graduated 

Table 

At  Risk 

Actual 
Deaths 

?[x]+2 

Expected 
Deaths 

Deviation 

17 

8 
9 
20 
1 

269 
403 
640 
863 
1061 

2 

4 
4 

10 

1-  6 

2-  5 

3-  4 

4-  2 

•00321 
•00322 
•00325 
•00328 
•00332 

0-  9 

1-  3 
21 

2-  8 

3-  5 

+  0-9 

-  0-7 
+  21 

-  1-2 

-  0-5 

22 
3 
4 

25 
6 

1431 
1904 
2059 
2271 

2555 

3 
3 
5 
11 
10 

5-8 

7-  8 

8-  5 

9-  5 
10-9 

•00336 
•00340 
•00345 
•00350 
•00356 

4-8 

6-  5 

7-  1 
7-9 
91 

+  1-8 
+  3-5 
+  21 

-  31 

-  0-9 

27 
8 
9 

30 
1 

2820 
2934 
3061 
3157 
3175 

13 
12 
14 
14 
15 

12-  3 

13-  0 

13-  9 

14-  8 

15-  4 

•00362 
•00370 
•00378 
•00390 
•00403 

10-2 

10-  9 

11-  6 

12-  3 
12-8 

-  2-8 

-  11  J 

-  2-4 

-  1-7 

-  2-2 

32 
3 
4 

35 
6 

3378 
3107 
3052 
2932 
2755 

12 
10 
8 
17 
17 

170 
16-3 
16-7 
16-8 
16-4 

•00418 
•00437 
•00457 
•00477 
•00497 

141 

13-6 
13-9 
140 
13-7 

+  21 
+  3-6 
+  5-9 

-  30 

-  3-3 

37 
8 
9 

40 
1 

2689 
2474 
2298 
2225 
1967 

11 

15 
14 
17 
13 

16-8 
16-1 
15-5 
15-6 
14-4 

•00519 
•00541 
•00562 
•00584 
•00609 

140 
13-4 

12-  9 

13-  0 
120 

+  30 

-  1-6 

-  11  ; 

-  4-0 

-  10 

42 
3 
4 

45 
6 

2038 
1644 
1400 
1320 
1198 

12 
7 
9 
10 
12 

15-6 
131 
11-7 
11-6 
111 

•00637 
•00665 
•00697 
•00732 
•00770 

13-0 
10-9 
9-8 
9-7 
9-2 

+  10 
+  3-9 
+  0-8 

-  0-3 

-  2-8 

47 
8 
9 

50 
1 

1203 
952 
831 
761 
711 

11 

8 
10 

8 
9 

11-7 

9-8 
9-1 
8-8 
8-8 

•00812 
•00858 
•00910 
•00966 
•01027 

9-7 
8-2 
7-6 
7-4 
7-3 

-  1-3 

+  0-2 
~  2-4 

-  0-6 

"  I"?  ! 

52 
3 
4 

55 
6 

703 
548 
435 
375 
346 

12 

6 
3 
4 
4 

9-2 
7-7 

6-5 
6-0 
5-9 

•01095 
•01169 
•01249 
•01336 
•01429 

7-7 
6-4 
5-4 
50 
4-9 

-  4-3 
+  0-4 
+  2-4  ! 
+  1-0 
+  0-9 

57 

8 

9 

60 
i 
l 

308 
219 
169 
148 
149 

6 
4 
2 
2 
1 

5-7 
4-3 
3-6 
3-4 
3-6 

•01530 
•01640 
•01759 
•01889 
•02030 

4-7 
3-6 
30 

2-  8 

3-  0 

-  i-3 

-  0-4 

+  10 

+  0-8 

62 
3 
4 

65 
6 

142 

68 
43 
30 
23 

7 
5 
1 
1 
1 

3-7 
1-9 
1-3 
1-0 
0-8 

•02183 
•02352 
•02535 
•02740 
•02965 

31 
1-6 
M 

0-8 
0-7 

-  3-9 

-  3-4 
+  01 

-  0-2 

-  0-3 

Totals 

71244 

399 

462  1 

385-0 

-140 

1921.] 
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Table  XI  (d). 
(AMP)[M]  Select  Table,    Year  3  to  4. 


Original  Data 


|  W+3 

At  Risk 

Act'Jal 
Deaths 

Ultimate 
Expected 
Deaths 

(?[a:]+3 

Expected 
Deaths 

Deviation 

18 

226 

0-9 

•00334 

0-8 

+  0-8 

9 

353 

1 

1-4 

•00337 

1-2 

+  0-2 

20 

566 

1 

2-2 

•00340 

1-9 

+  0-9 

1 

746 

30 

•00344 

2-6 

+  2-6 

2 

942 

2 

3-8 

•00348 

3-3 

+  1-3 

23 

1306 

12 

5-3 

•00352 

4-6 

-  7-4 

4 

1725 

7 

71 

•00357 

61 

-  0-9 

25 

1875 

4 

7-9 

•00363 

6-8 

+  2-8 

6 

2060 

13 

8-8 

•00369 

7-6 

-  5-4 

7 

2354 

10 

10-2 

•00375 

8-8 

-  12 

28 

2588 

9 

11-5 

•00383 

9-9 

+  0-9 

9 

2690 

12 

12-2 

•00392 

10-5 

-  1-5 

30 

2834 

7 

13-3 

•00404 

11-4 

+  4-4 

1 

2899 

10 

140 

•00418 

121 

+  21 

2 

2907 

12 

14-6 

•00433 

12-6 

+  0-6 

33 

3129 

16 

16-4 

•00452 

141 

-  1-9 

4 

2907 

8 

15-9 

•00473 

13-8 

+  5-8 

35 

2826 

18 

16-2 

•00494 

140 

-  4-0 

6 

2710 

18 

16-2 

•00515 

14-0 

-  4-0 

7 

2543 

8 

15-8 

•00538 

13-7 

+  5-7 

38 

2485 

14 

161 

•00560 

13-9 

-  0-1 

9 

2299 

13 

15-5 

•00582 

13-3 

+  0-3 

40 

2101 

9 

14-7 

•00605 

12-7 

+  3-7 

1 

2047 

13 

150 

•00631 

12-9 

-  01 

2 

1820 

14 

13-9 

•00659 

120 

-  2-0 

43 

1873 

13 

14-9 

•00689 

12-9 

-  01 

4 

1535 

15 

12-8 

•00722 

111 

-  3-9 

45 

1283 

7 

11-3 

•00759 

9-7 

+  2-7 

6 

1213 

13 

11-2 

•00798 

9-7 

-  3-3 

7 

1117 

13 

10-9 

•00842 

9-4 

-  3-6 

48 

1106 

6 

11-4 

•00889 

9-8 

+  3-8 

9 

888 

10 

9-7 

•00943 

8-3 

-  1-7 

50 

767 

1 

8-9 

•01000 

7-7 

+  6-7 

1 

709 

2 

8-7 

•01064 

7-5 

+  5-5 

2 

675 

6 

8-9 

•01134 

7-7 

+  1-7 

53 

651 

4 

91 

•01211 

7-9 

-h  3-9 

4 

516 

4 

7-7 

•01294 

6-7 

+  2-7 

55 

412 

5 

6-6 

•01384 

5-7 

+  0-7 

6 

353 

7 

6-1 

•01480 

5-2 

-  1-8 

;  7 

329 

3 

6-0 

•01585 

5-2 

+  2-2 

58 

286 

7 

5-6 

•01699 

4-8 

-  2-2 

9 

205 

6 

4-3 

•01822 

3-7 

-  2-3 

60 

158 

3-6 

•01957 

31 

+  31 

1 

141 

5 

3-4 

•02103 

3-0 

-  2-0 

2 

136 

4 

3-6 

•02261 

31  " 

-  0-9 

63 

123 

3 

3-5 

•02437 

30 

-  00 

4 

58 

3 

1-8 

•02626 

1-5 

-  15 

65 

38 

1-2 

•02839 

11 

+  11 

6 

29 

1 

1-0 

•03072 

0-9 

-  01 

' 

22 

1 

0-8 

•03333 

0-7 

-  0-3 

Totals 

65561 

370  | 

444-9 

384-0 

+  14-0 
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Table  XI  (e). 


(AMP)lM]  Select  Table.    Year  4  to  b. 


Age 

[a?] +,4 

Original 

Data 

(AMF)M'5) 
Ultimate 
Expected 
Deaths 

Select  Graduated  Table 

At  Risk 

Actual 
Deaths 

9M+4 

Expected 
Deaths 

Deviation 

19 
20 
1 

2 
3 

185 
317 
498 
651 
864 

1 

2 
1 

4 

0-  7 

1-  2 

2-  0 

2-  6 

3-  5 

•00341 
•00345 
•00349 
•00353 
•00357 

0-  6 
11 

1-  7 

2-  3 
31 

-  0-4 
+  1-1 

-  0-3 
+  1-3 

-  0-9 

24 
25 
6 
7 
8 

1194 
1577 
1683 
1884 
2142 

5 
9 
6 
7 
7 

4-9 

6-  6 

7-  2 

8-  2 

9-  5 

•00362 
•00367 
•00374 
•00381 
•00388 

43 

5-  8 

6-  3 

7-  2 

8-  3 

-  0-7 

-  3-2 
+  0-3 
+  0-2 
-4-  1-3 

29 
30 
1 
2 
3 

2380 
2449 
2586 
2661 
2688 

11 
15 
14 
14 
17 

10-  8 

11-  5 

12-  5 

13-  4 
141 

•00397 
•00409 
•00423 
•00439 
•00458 

9-4 
10-0 
10-9 
U-7 
12-3 

-  1-6 

-  5-0 

-  31 

-  2-3 

-  4-7 

34 
35 
6 
7 
8 

2846 
2650 
2619 
2494 
2339 

17 
13 
9 
13 
13 

15-6 
15-2 
15-6 
15-5 
15-2 

•00479 
•00500 
•00522 
•00545 
•00568 

13-6 
13-3 
13-7 
13-6 
13-3 

-  3-4 
+  0-3 
+  4-7 
+  0-6 
+  0-3 

39 
40 
1 
2 
3 

2279 
2104 
1944 
1896 
1668 

10 
20 
9 
10 
10 

15-4 
14-7 
14-2 
14-5 
13-3 

•00590 
•00613 
•00640 
•00668 
•00698 

13-4 
12-9 
12-4 
12-7 
11-6 

+  3-4 
-  7-1 
+  3-4 
+  2-7 
+  1-6 

44 
45 
1  6 
7 
8 

1731 
1410 
1191 
1110 

1020 

16 
10 
8 
8 
7 

14-5 
12-4 
110 
10-8 
10-5 

•00731 
•00769 
•00808 
•00853 
•00901 

12-7 
10-8 
9-6 
9-5 
9-2 

-  3-3 
+  0-8 
+  1-6 
+  1-5 
+  2-2 

49 
50 
1 
2 
3 

1011 

831 
714 
659 
621 

9 
7 
7 
3 
7 

110 

9-6 
8-8 
8-7 
8-7 

•00955 
•01014 
•01079 
•01150 
•01227 

9-7 
8-4 
7-7 
7-6 
7-6 

+  0-7 
+  1-4 
+  0-7 
+  4-6 
+  0-6 

54 
55 
6 
7 
8 

601 
484 
391 
327 
309 

6 
3 
6 
5 
9 

9-0 
7-8 
6-7 
60 
6-1 

•01311 
•01402 
•01500 
•01606 
•01722 

7-9 
6-8 
5-9 
5-3 
5-3 

+  1-9 
+  3-8 

-  01 
+  0-3 

—  3-7 

59 
60 
1 
2 
3 

256 
181 
144 
•  123 
126 

3 
4 

6 
1 

4 

5-4 
41 
3-5 
3-2 
3-6 

•01847 
•01983 
•02132 
•02292 
•02470 

4-7 
3-6 
31 
2-8 
31 

+  1-7 

-  0-4 

-  2-9 
+  1-8 

-  0-9 

64 

65 

? 

8 

111 

49 
38 
24 
21 

3 
2 
2 
1 

3-4 
1-6 
1-4 

0-9 
0-9 

•02662 
•02877 
•03114 
•03378 
•03676 

30 
1-4 
1-2 

0-8 
0-8 

+  00 

-  0-6 

-  0-8 

-  0-2 
+  0-8 

Totals 

60081 

374 

427-5 

374-0 

Nil. 
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Table  XII  (a). 


(AMP)tM]  Select  Table.    Summary  in  Age  Groups.    Year  0  to  1. 


Entrv 

Ages 

Attained 
Ages 

Original  Data 

 ■   _ 

(AMP)"'5) 

Select  Gr\dcated 
Table 

At  Ri  k 

Actual 
Deaths 

Ultimate 
Expected 
Deaths 

Expected 
Deaths 

Deviation 

15  to  19 
20  „  24 
25  „  29 

oU    . ,  o-t 

35  „  39 
40  44 
45  „  49 
50  54 
55  ..  59 
60  „  64 

15  to  19 
20  24 

25  „  29 

oU    ,,  o-t 

35  ,.  39 
40  „  44 
45  „  49 
50  ,,  54 
55  „  59 
60  ;.  64 

4773 
15476 
21603 
20746 
15521 
9931 
5581 
2963 
1228 
378 

10 

46 
64 
73 
57 
54 
24 
21 
10 
5 

18-4 

62-6 
94-3 

1  lr± 1 0 

96-1 
75-2 
53-8 
38-3 
221 
9-3 

11-7 

39-6 

59-  8 
66-1 

60-  8 
47-7 
34-1 
24-3 
14-1 

5-8 

+  1-7 

-  6-4 

-  4-2 

-  6-9 
+  3-8 

-  6-3 
+  101 
+  3-3 
+  41 
+  0-8 

Totals 

98200 

364 

574-4 

364-0 

+  23-8 
-23-8 

Table  XII  (b).    Year  1  to  2. 

15  to  19 
20  „  24 
25  „  29 
30  34 
35  39 
40  44 
45  „  49 
50  „  54 
55  ,,  59 
60  „  64 

16  to  20 
21  „  25 
26  „  30 
31  „  35 
36  „  40 
41   ...  45 
46  „  50 
51  ,,  55 
56  „  60 
61  „  65 

3606 
11316 
16659 
16615 
12650 
8262 
4793 
2579 
1071 
332 

13 
33 
68 
71 
53 
57 
30 
26 
15 
9 

14-1 

46-5 
74-4 
87-0 
81-6 
65-4 
48-9 
35-5 
20-7 
8-8 

10-9 
36-0 
57-8 
67-6 
63-3 
50-8 
381 
27-6 
161 
6-8 

-  21 
+  3-0 
-10-2 

-  3-4 
+  10-3 

-  6-2 
+  8-1 
+  1-6 
+  M 

-  2-2 

Totals 

77883 

375 

482-9 

375  0 

+  24-1 
-24-1 

Table  XII  (c).    Year  2  to  3. 

15  to  19 
20  „  24 
25  „  29 
30  „  34 
35  39 
40  „  44 
45  „  49 
50  ..,  54 
55  . ,  59 
60  „  64 

17  to  21 
22  „  26 
27  31 
32  „  36 
37  „  41 
42  „  46 
47  „  51 
52  „  56 
57  61 
62  66 

3236 
10220 
15147 
15224 
11653 
7600 
4458 
2407 
993 
306 

10 
32 
68 
64 
70 
50 
46 
29 
15 
15 

12-7 
42-5 
69-4 
83-2 
78-4 
63-1 
48-2 
35-3 
20-6 
8-7 

10-6 
35-4 
57-8 
69-3 
65-3 
52-6 
40-2 
29-4 
171 
7-3 

+  0-6 
+  3-4 
-10-2 
+  5-3 

-  4-7 
+  2-6 

-  5-8 
+  0-4 
+  21 

-  7-7 

Totals 

71244 

399 

462-1 

385-0 

+  14-4 
-28-4 
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Table  XII  (d). 


(AMP)tM]  Select  Table.    Summary  in  Age  Groups.    Year  3  to  4. 


Entry 

Ages 

I 

Attained 
Ages 

Original  Data 

(AMP)Mf) 
Ultimate 
Expected 
Deaths 

Select  Graduated 
Table 

At  Risk 

Actual 
Deaths 

Expected 
Deaths 

Deviation 

15  to  19 
20  „  24 
25  „  29 
30  „  34 
35  „  39 
40  „  44 
45  „  49 
50  „  54 
55  „  59 
60  „  64 

18  to  22 
23  „  27 
28  „  32 
33  „  37 
38  „  42 
43  „  47 
48  „  52 
53  „  57 
58  „  62 
63  „  67 

2833 

13918 
14115 
10752 
7021 
4145 
2261 
926 
270 

4 

40 

50 
68 
63 
61 
25 
23 
22 
8 

11-3 

39-3 
65-6 
80-5 
75-2 
611 
47-6 
35-5 
20-5 
8-3 

9-8 
33-9 
56-5 
69-6 
64-8 
52-8 
410 
30-7 
17-7 

7-2 

+  5-8 
-121 
+  6-5 
+  1-6 
+  1-8 

-  8-2 
+  16-0 
+  7-7 

-  4-3 

-  0-8 

Totals 

65561 

370 

444-9 

+39-4 
384'°  -25-4 

Table  XII  (e).    Year  4  to  5. 

15  to  19 
20  „  24 
25  „  29 
30  „  34 
35  „  39 
40  „  44 
45  „  49 
50  „  54 
55  „  59 
60  „  64 

19  to  23 
24  „  28 
29  „  33 
34  „  38 
39  „  43 
44  „  48 
49  „  53 
54  „  58 
59  „  63 
64  „  68 

2515 
8480 
12764 
12948 
9891 
6462 
3836 
2112 
830 
243 

8 
34 
71 
65 
59 
49 
33 
29 
18 

8 

100 
36-4 
62-3 
771 
721 
59-2 
46-8 
35-6 
19-8 
8-2 

8-8 
31-9 
54-3 
67-5 
630 
51-8 
41-0 
31-2 
17-3 

7-2 

+  0-8 

-  21 
-16-7 
+  2-5 
+  40 
+  2-8 
+  8-0 
+  2-2 

-  0-7 

-  0-8 

Totals 

60081 

374 

427-5 

3740 

+  20-3 
-20-3 

Table  XII  (f).    All  Years  0  to  5. 

15  to  19 
20  „  24 
25  „  29 
30  „  34 
35  „  39 
40  „  44 
45  „  49 
50  „  54 
55  „  59 
60  „  64 

15  to  23 
20  „  28 
25  „  33 
30  „  38 
35  „  43 
40  „  48 
45  „  53 
50  „  58 
55  „  63 
60  „  68 

16963 
54812 
80091 
79648 
60467 
39276 
22813 
12322 
5048 
1529 

45 
191 
321 
341 
302 
271 
158 
128 
80 
45 

66-5 
227-3 
3660 
432- 1 
403-4 
3240 
245-3 
180-2 
103-7 

43-3 

51-8 
176-8 
286-2 
340-1 
317-2 
255-7 
194-4 
143-2 

82-3 
t  34-3 

+  6-8 
-14-2 
-34-8 
-  0-9 
+  15-2 
-15-3 
+  36-4 
+  15-2 
+  2-3 
-10-7 

Totals 

372969 

1882 

2391-8 

1882-0 

+  75-9 
-75-9 
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Abstract  of  the  Discussion. 

Mr.  C.  W.  KENCHINGTON  said  that  the  paper  exemplified  the 
scientific  spirit  of  enquiry  which  had  on  so  many  former  occasions 
led  the  author  to  valuable  discoveries.  Mr.  King  had  found  that 
the  Nurses'  experience  produced  peculiar  results,  and  he  had  spared 
no  trouble  to  ascertain  the  real  cause.  His  method  of  attacking 
the  problem  was  eminently  practical.  In  Mr.  King's  view  simplicity 
was  of  primary  importance.  Elaboration  of  detail  was  quite 
secondary.  The  public  spirit  of  the  author  in  communicating  his 
investigations  to  the  Institute  deserved  their  acknowledgments. 

He  thought  that  Mr.  King  must  have  felt  some  disappointment 
when  he  found  that  he  had  been  forestalled  in  point  of  time  by 
the  authors  of  the  Japanese  Tables.  But  it  was  probable  that  if  he 
had  been  aware  of  the  use  of  the  method  in  the  construction  of  the 
Japanese  Tables,  he  would  have  adopted  it  for  the  Nurses'  experience 
and  would  not  have  troubled  to  go  any  further  in  submitting 
the  results  of  his  investigation  to  the  Institute.  It  was,  therefore, 
not  altogether  to  be  regretted  that  Mr.  King  had  overlooked  the 
fact  of  the  method  having  been  used  before. 

Mr.  King  had  referred  to  the  complicated  methods  which  formerly 
had  been  used  for  the  construction  of  Select  Tables.  So  far  from 
being  complicated,  the  new  method  could  be  described  upon  the 
proverbial  half-sheet  of  notepaper.  The  method  was  not  advocated 
by  Mr.  King  as  invariably  applicable.  He  expressed  the  hope  that 
it  would  prove  useful  to  others,  and  that  it  would  be  found  to  give 
results  sufficiently  accurate  for  all  ordinary  purposes  ;  and  he 
stated  that  the  applicability  of  the  method  had  to  be  ascertained. 
In  that  connection  he  (the  speaker)  might  quote  the  following 
passage  from  the  review  in  the  Journal  of  the  Japanese  Offices' 
Tables  :  "It  necessarily  follows  from  the  way  in  which  the  ratios 
"  were  obtained  that  the  total  expected  and  actual  deaths  in  each 
"  year  of  duration  are  in  substantial  agreement.  The  deviations 
"  in  each  year  of  duration  are  also  fairly  evenly  spread  as  positive 
"  and  negative  quantities,  but  an  extended  comparison  over  the 
"  first  four  years  shows  that  the  rate  of  mortality  is  too  heavily 
"  weighted  at  the  early  entry  ages,  20  to  34,  whilst  for  the  group  of 
"  entry  ages,  35  to  39,  the  expected  deaths  (1,194-5)  are  in  defect 
"  of  the  actual  (1,319)  by  no  less  than  124-5.  While,  therefore,  the 
u  method  was  extremely  simple  to  apply,  and  doubtless  gave 
"  sufficiently  good  results  for  practical  use,  it  cannot  be  said  to 
"  have  satisfactorily  met  all  the  requirements  of  a  good  graduation." 

Mr.  King,  in  investigating  the  applicability  of  the  method,  made 
use  of  the  0M(5)  Table  as  the  ultimate  table  for  the  purpose  of 
examining  the  0[M]  data  for  the  first  five  years  of  assurance.  He 
thought  that  the  0M(5)  Table  was  not  quite  suitable  for  the  purpose. 
It  was  clear,  from  the  ratios  Mr.  King  gave,  and  as  Mr.  King  himself 
pointed  out,  that  selection  had  not  worn  off  at  the  end  of  five  years, 
and  the  necessary  balancing  of  the  first  five  years  with  the  second 
five  years  of  assurance  was  therefore  lost  sight  of  in  the  investigation 
which  Mr.  King  had  made.    At  the  same  time  he  (the  speaker) 
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thought  that  the  0^  Tables,  as  graduated  by  Sir  George  Hardy, 
provided  a  useful  means  of  showing  that  Mr.  King's  method  really 
gave  a  very  close  approximation  to  the  official  graduation.  He 
had  prepared  the  following  table,  showing  in  columnar  form, 
according  to  duration  of  assurance,  the  ratios  of  Q[x]+n  to  qx+n'. 


0[MJ  Official  Graduation.    liatio  of  q[x]+n  to  qx+n. 


n 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

20 

•393 

•652 

•743 

•788 

•826 

•860 

•892 

•924 

•956 

•985 

30 

•412 

•650 

•736 

•786 

•824 

•861 

•894 

•926 

•957 

•986 

40 

•444 

•646 

•728 

•780 

•822 

•861 

•898 

•930 

•960 

•988 

50 

•483 

•640 

•719 

•774 

•821 

•863 

•900 

•934 

•962 

•989 

60 

•516 

•638 

•712 

•771 

•821 

•865 

•903 

•936 

•965 

•989 

70 

•538 

•640 

•712 

•772 

•824 

•868 

•906 

•939 

•967 

•990 

Maximum  variation  in  Ratios. 

Character  of  progression  according  to  age 

indicated  as  follows  :  Increasing,  Ij  Decreasing,  D. 

•145 

•014 

•031 

•017 

•005 

'008 

•014 

•015 

•Oil 

•005 

I 

D 

D 

D 

D 

I 

I 

I 

1 

I 

From  this  table  it  appeared  that,  with  the  exception  of  year  of 
assurance  0,  there  was  a  very  close  approximation  to  constancy  in 
the  ratios  treated  as  a  function  of  age,  thereby  showing  that  the 
official  graduation  did  not  differ  appreciably  from  that  now  suggested 
by  Mr.  King. 

He  had  tested  other  tables  and  had  found  that  the  ratios  showed 
very  similar  progression.  For  instance,  in  the  Government  Annuity 
Experience,  1910,  which  Mr.  King  himself  quoted,  the  ratios 
approached  constancy,  as  a  function  of  the  age,  almost  for  the  whole 
of  the  first  five  years  of  assurance.  But  while  that  might  be 
sufficient  testimony  to  the  value  of  the  method,  it  did  not  follow 
that  one  would  be  successful  in  obtaining  the  most  appropriate 
ratios  in  the  absence  of  detailed  work  upon  the  graduation.  There- 
fore, it  seemed  to  him  that  Mr.  King's  method  was  one  which 
furnished  a  very  valuable  means  of  making  a  first  investigation. 

One  of  the  first  problems  that  confronted  the  actuary  in  the 
construction  of  Select  Tables  was  to  determine  the  number  of  years 
to  be  excluded  in  the  construction  of  the  Ultimate  Table.  In 
existing  Select  Tables  the  number  of  years  excluded  had  been 
arrived  at  by  somewhat  arbitrary  means.  The  five  years'  exclusion 
of  the  HM  Table,  the  five  years'  of  the  CH™]  Table  and  the  ten 
years'  of  the  0^  Table,  all  appeared  to  be  somewhat  arbitrary. 
The  method  suggested  by  Mr.  King  would  help  in  obtaining  the 
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best  approximation  to  the  number  of  years  to  be  excluded.  Suppose 
they  had  an  entirely  new  experience  ;  it  might  be  determined  in 
the  first  instance  that  they  would  exclude  ten  years  as  being  the 
utmost  limit  of  practical  tabulation  to  which  they  would  be  prepared 
to  go.  Then,  having  obtained  a  comparatively  satisfactory  Ultimate 
Table  of  mortality,  they  would,  with  that,  calculate  the  expected 
deaths  for  each  year  of  assurance,  and,  after  having  obtained  the 
ratios  of  the  actual  to  the  expected,  they  would  be  able  to  ascertain 
at  what  shorter  interval  than  the  ten  years  it  would  be  feasible  to 
assume  that  the  effect  of  selection  had  worn  off.  It  would  not, 
however,  for  that  purpose  be  necessary  to  go  to  quite  the  amount 
of  trouble  that  Mr.  King  had  done  in  working  out  his  expected 
deaths.  A  year  ago  Mr.  Henry  had  submitted  a  method  of  approxi- 
mate valuation,  depending  for  its  application  on  the  calculation 
of  constants  and  the  multiplying  of  a  first  and  second  summation 
by  those  constants.  With  certain  limitations  as  to  range  the  method 
was  equally  applicable  to  functions  not  involving  the  rate  of  interest 
and  could  quite  readily  be  used  in  the  calculation  of  expected  deaths. 
In  order  to  illustrate  the  shortening  of  the  work  rendered  possible 
by  the  method,  he  had  had  the  expected  deaths  for  the  0^  data 
for  the  first  ten  years  of  assurance  calculated  by  constants  derived 
from  the  0^  Ultimate  Table.  The  whole  of  the  work  involved  had 
been  done  with  the  aid  of  listing  and  tabulating  machines  in  some- 
thing less  than  four  hours.  Having  used  the  method  extensively, 
he  should  himself  have  been  quite  content  to  employ  it  for 
the  purpose  in  question  without  making  any  test  whatsoever  as 
to  the  accuracy  of  the  approximation,  but  as  he  intended  to  mention 
the  matter  before  the  Institute  that  evening  he  had  had  a  test 
made  by  calculating  the  exact  expected  deaths  age  by  age,  using 
the  qx;s,  from  the  Ultimate  Table.  The  resulting  figures  were  as 
follows  : 

Expected  Deaths  OtM1  Data.     Year  of  Assurance  5, 


Ages  attained 

Approximate 

Actual 

20-31 

10160 

1016-0 

35-49 

1909-6 

1910-0 

50-64 

1030-8 

1035-2 

He  suggested,  therefore,  that  the  use  of  the  approximate  method 
would  help  very  materially  in  the  application  of  Mr.  King's  method. 
He  would  not  enter  into  a  description  of  the  approximate  method 
at  the  moment,  as  there  might  be  an  opportunity  of  developing  it 
at  greater  length  before  the  close  of  the  present  session. 

The  next  point  to  which  he  would  refer  was  that  of  the  pro- 
gression of  the  ratios  according  to  the  duration  of  assurance.  The 
ratios  first  obtained  would  not  necessarily  be  the  most  suitable 
for  adoption.  Mr.  King  had  found  it  necessary  himself,  in  both 
the  Nurses'  experience  and  the  Australian  Mutual  Provident 
experience,  to  vary  the  ratios.  If  Mr.  King  had  taken  out  ratios 
for  the  whole  of  the  ten  years  of  assurance  of  the  British  Offices 
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Select  Tables,  he  would  probably  have  agreed  that  in  that  experience 
also  it  was  necessary  to  vary  the  ratios  in  order  to  ensure  the  degree 
of  smoothness  desirable  in  a  standard  table.  This  smoothness,  he 
thought,  could  best  be  obtained  by  graduating  the  actual  deaths 
and  not  the  ratios,  because  if  the  ratios  were  graduated  they  would  not 
obtain  equality  between  the  expected  and  the  actual  deaths,  whereas 
if  the  actual  deaths  were  graduated  on  the  assumption,  for  instance, 
that  they  could  be  represented  by  such  a  function  as  a  +  bx  +  cx2  +  dxs, 
they  would  obtain,  over  the  whole  duration  of  assurance  in  which 
they  were  analysing  selection,  exact  equality  between  actual  and 
expected  deaths.  He  had  graduated  the  0^  Table  in  this  way, 
and  the  ratios  were  found  to  represent  the  original  facts  satisfactorily 
except  for  year  of  assurance  0.*  For  year  of  assurance  0,  in  order 
to  give  the  rates  of  mortality  with  any  approach  to  representation 
of  the  original  data,  it  was  necessary  to  assume  that  q[x]  was  of  the 
form  m  +  nqx,  the  constant  m  being  a  negative  quantity.  It  might 
be  mentioned  that  the  ratios  increased  with  age  for  years  of  assurance 
'0  to  4,  but  decreased  with  age  for  years  of  assurance  5  to  9.  It 
seemed  rather  peculiar  that  the  progression  of  the  ratios  was,  as 
Mr.  King  had  stated,  exactly  the  reverse  of  that  shown  by  Sir  George 
Hardy's  graduation  of  the  experience.  He  had  calculated  for 
decennial  ages  at  entry  the  values  of  q[x]+n  for  the  whole  of  the  ten 
years  in  which  selection  was  analysed,  and  had  computed  the  3 
per-cent  annuity-values.  The  differences  between  the  values  so 
obtained  and  the  official  values  were  never  great,  being  +  -002  at 
age  20  at  entry,  +  -001  at  age  30,  -  -001  at  age  40,  -  -006  at  age  50, 
and  --011  at  age  60.  Those  differences  in  annuity-values,  he 
ventured  to  think,  were  so  small  that  one  was  led  to  the  conclusion 
that,  at  any  rate  for  most  practical  purposes,  so  far  as  the  British 
Offices  experience  was  concerned,  a  graduation  by  Mr.  King's 
method  would  have  led  to  almost  identical  results  with  those  brought 
out  by  the  much  more  elaborate  process  of  Sir  George  Hardv. 
Mr.  G.  J.  LIDSTONE  wrote  as  follows  : 

It  is  gratifying  to  me  that  Mr.  King,  in  his  present  valuable 
communication,  endorses  the  method  of  graduating  a  small  experience 
by  reference  to  a  standard  table,  to  which  method  I  drew  attention 
in  one  of  the  earliest  of  my  own  papers.  Further  experience  has 
confirmed  my  view  that  this  is  the  proper  method  to  adopt  when 
(as  Mr.  Todhunter  remarked — J.I.  A.,  vol.  xxxvii,  p.  520)  "the 
"  most  (the  data)  did  was  to  indicate  the  general  nature  of  the 
"  mortality  under  that  particular  class  That  being  so,  the 

obvious  course  was  to  go  to  some  other  source  of  information  in 
"  regard  to  the  progression  of  the  rate  of  mortality,  to  find  some 

suitable  standard  by  which  to  test  the  mortality  under  that  class." 
In  his  application  of  the  method  to  the  AMP(5>  experience,  Mr.  King 
reverts  to  Griffith  Davies'  method  of  ratios  (qx  :  qx)  and  rejects  the 
new  process  which  I  suggested  for  reasons  given  in  my  paper.  Had 
he  tried  that  process  he  would  have  found  it  particularly  applicable 

*  The  detailed  results  of  the  graduation  have  been  left  with  the  Assistant- 
Secretary  of  the  Institute,  in  order  that  they  may  be  inspected  by  anyone 
interested. — Eds. 
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to  the  case  in  hand,  for  the  ungraduated  curve  of  rx  =  \ogp'x  -  \ogpx 
would  have  indicated  that  it  could  suitably  be  graduated  in  the 
form  rx  =  a  +  f3cx  and  hence*  (as  shown  in  my  paper)  that  the 
graduated  values  of  cologp^  or  jxx  could  be  represented  by  a  change 
in  the  Makeham  constants  A  and  B — or,  in  other  words,  that  the 
experience  could  be  graduated  by  a  Makeham  curve  having  the 
same  value  of  c  as  in  the  standard  table.  A  change  in  A  and  B  is 
equivalent  to  expressing  the  graduated  values  of  colog  p  or  n  in 
the  form  K  x  (standard  value)  +  L.  This  method  of  variation  by  a 
constant  and  a  percentage  can  be  extended  to  the  case  in  which 
the  standard  table  does  not  follow  Makeham's  law,  and  it  can  be 
applied  equally  well  to  qx  [cf.  Hardy's  Lectures,  p.  35,  footnote, 
where  a  similar  method  is  suggested  for  the  adjustment  of  a  gradua- 
tion otherwise  determined].  In  this  way  we  have  two  constants 
at  our  disposal,  and  these  can  be  found  in  any  convenient  way 
(e.g.,  moments,  aggregate  method  or  least  squares).  In  the  case 
of  the  AMP(5)  experience,  I  find  by  a  short  and  rough  method — 
which  could  certainly  be  improved — that  the  AMP(5)  experience  can 
be  adequately  represented  in  the  form 

gAMP(5)  =  go^)/1.2_.00135 

This,  of  course,  gives  perfectly  smooth  graduated  values,  and  the 
following  comparison  of  actual  and  expected  deaths  seems  to  show 
that  the  graduation  is  satisfactory.  The  deviation  in  the  abnormal 
group,  55-59,  namely,  +  59,  is  remarkably  close  to  Mr.  King's  figure, 
+  55  ;  and  the  two  graduations  differ  principally  in  the  way  in  which 
the  obvious  shortage  of  deaths  in  that  group  is  spread  over  the 
remaining  groups. 


Attained 
Ages 

At 
Risk 

Actual 
Deaths 

Expected 
Deaths 

Deviation 

Expected 
Deviation! 

± 

20-24 

4,267 

17 

18 

+  1 

3 

25-29 

24,829 

109 

115 

+  6 

9 

30-34 

59,366 

300 

308 

+  8 

14 

35-39 

87,564 

548 

532 

-  16 

18 

40-44 

33,327 

722 

697 

-  25 

2L 

45-49 

82,731 

797 

798 

+  1 

23 

50-54 

66,313 

871 

867 

-  4 

24 

55-59 

49,649 

853 

912 

+  59 

24 

60-64 

31,568 

846 

835 

-  11 

23 

65-69 

16,534 

659 

644 

-  15 

20 

70-74 

6,779 

410 

391 

-  19 

16 

75-79 

1,999 

165 

172 

+  7 

10 

80-84 

439 

51 

56 

+  5 

6 

85- 

77 

17 

15 

-  2 

3 

1 

525,442 

6,365 

6,360 

±179 

f  By  Hardy's  formula,  '8  ^Expected  Deaths. 


*  Since  t3c^  =  cx~t  (when  t  is  a  constant  =  log  A/log  c),  a  curve  of  drawn  on 
a  transparent  scale  (say  on  tracing-paper)  can  easily  be  shifted  over  the  diagram 
of  rx,  and  it  can  be  seen  by  inspection  whether  any  part  of  the  curve  raised  by  a 
constant  above  our  base-line  will  sufficiently  represent  and  graduate  the  values 
of  rx  —Cf.  Calderon,  J.I.  A.,  vol.  xxxv,  pp.  173-5. 
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It  may  be  suggested  that  the  system  of  representing  deviations 
from  the  standard  table  by  means  of  a  constant  and  a  percentage 
instead  of  a  percentage  only  might  very  probably  be  usefully  applied 
in  exhibiting  the  results  of  specialized  mortality  investigations.  If, 
for  example,  in  any  class  of  lives  the  extra  risk  is  found  steadily  to 
increase  or  to  decrease  as  the  age  advances  we  should  evidently 
get  a  better  representation  of  the  special  mortality  by  the  use  of 
the  two  constants  than  by  using  the  percentage  only  ;  and  the 
constants  are  very  easily  found  approximately  as  the  exposed  to 
risk  and  the  expected  deaths  according  to  the  standard  table  will  be 
ascertained. 

As  regards  Mr.  King's  method  of  graduating  the  rates  of 
mortality  during  the  period  of  selection,  I  may  perhaps  be  allowed 
to  say  that  (unknown,  of  course,  to  him)  I  happened  to  use  what  is 
substantially  the  same  method  twelve  years  ago,  when  I  had  occasion 
to  form  select  tables  based  on  the  very  special  experience  of  the 
office  with  which  I  was  then  connected.  The  ultimate  table  was 
graduated  by  Mr.  King's  method  of  oscillatory  interpolation  with 
satisfactory  results.  The  experience  being  too  slender  to  enable 
each  year  of  assurance  to  determine  its  own  ratio,  the  ratios 
Q[x]+t  '•  Qx+t  were  got  out  according  to  the  0[M]  Table  and  found  to  be 
practically  independent  of  the  age,  except  for  year  0,  which  was 
specially  dealt  with.  The  ratios  for  age  at  entry  40  were  used  in 
conjunction  with  the  graduated  ultimate  table  to  find  the  expected 
deaths  during  the  period  of  selection.  The  intention  was  to  use 
the  results  to  obtain  adjusted  values  by  means  of  variation  by  a 
constant  and  percentage,  in  the  way  just  described  ;  but  the  experi- 
ence being  very  slender  the  use  of  the  unmodified  CHM]  ratios  was 
found  to  give  sufficiently  good  results.  The  principle  of  variation 
by  a  constant  and  a  percentage  was,  however,  applied  successfully 
to  year  0.  It  was  found  that  while,  in  the  0[M]  Table,  the  ratio 
Q[x\  '•  Qxlt  steadily  increased  with  the  age,  the  ratio  of  {q[x]  +  -00 1) 
to  Qxlt  was  practically  constant,  namely,  about  -545  ;  and  that  the 
same  relation  sufficiently  represented  the  connection  between 
q[x]  and  qfl  in  the  special  experience.  The  following  table,  giving 
the  ratios  deduced  from  the  0[M]  Table,  may  be  of  interest  in 
connection  with  the  foregoing  remarks  : 


Table  showing  the  value,  aecor  ding  to  the  0[M]  Table,  of  the  Ratio 
[•001  +  q[x]]  :  qx  given  in  the  First  Column  and  q[x]+t  '  Qx+t  [given  in 
subsequent  columns) . 


Age 

Years  elapsed  since  Date  of  Entry 

at 
Entry 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

20 
25 
30 
35 
40 
45 
50 
55 
60 

•544 
•54 1 
•544 
•545 
•546 
•546 
•547 
•54S 
•550 

•653 
•652 
•65  L 
•649 
•616 
•643 
•611 
•639 
•638 

•742 
•740 
•737 
•734 
•729 
•724 
•720 
•736 
•713 

•789 
•788 
•786 
•784 
•781 
•778 
•775 
•773 
•771 

•826 
•825 
•825 
•82 I 
•823 
•822 
•822 
•821 
•821 

•859 
•860 
•860 
•860 
•861 
•862 
•862 
•863 
•864 

•892 
•892 
•893 
•891 
•895 
•897 
•898 
•900 
•901 

•923 
•924 
•925 
•926 
•928 
•929 
•931 
•933 
•934 

•954 
•955 
•956 
•957 
•958 
•959 
•961 
•962 
•963 

•985 
•985 
•985 
•986 
•986 
•987 
•988 
•988 
•989 
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In  conclusion,  I  should  like  to  congratulate  my  friend,  Mr.  King, 
on  the  addition  of  another  highly  valuable  and  important  paper  to 
the  long  tale  of  those  for  which  the  Institute  is  so  much  indebted 
to  him. 

AIr.  A.  HEXRY  doubted  whether  sufficient  attention  had  been 
given  hitherto  to  the  question  of  select  mortality  in  relation  to 
pension  fund  problems.  Mr.  King's  method  was  a  very  admirable 
one  for  the  purposes  of  life  assurance  experience,  but  it  might  not 
be  entirely  suitable  for  pension  funds,  although  that  was  a  case 
in  which  probably  the  ordinary  actuary  would  want  to  use  it  to 
some  considerable  extent.  He  thought  that  the  method  might 
break  down  since  the  selection  that  occurred  in  the  earlier  years  of 
retirement  in  pension  funds — when  retirement  was  usually  due 
to  ill-health — might  very  probably  be  substantially  different 
from  that  occurring  at  ages  60  or  65 — when  retirement  took  place 
at  the  option  of  the  individual  and  the  question  of  ill-health  only 
entered  to  a  relatively  small  extent.  Possibly  Mr.  King,  if  he  were 
dealing  with  a  case  of  that  kind,  would  advocate  making  a  separate 
investigation  in  regard  to  the  ages  below  60,  or  whatever  the 
retiring  age  would  be.  He  believed  that  would  be  an  essential 
point  to  bear  in  mind  in  the  application  of  the  method. 

From  the  theoretical  point  of  view,  he  thought  that  the  conversion 
of  ratios  for  quinquennial  ages  into  ratios  for  individual  ages  by 
Milne's  method  introduced  an  error  when  the  exposed-to-risk  was 
changing  rapidly.  The  weight  of  the  data  was  lost  sight  of,  and 
though  fairly  correct  results  would  be  obtained  where  the  exposed- 
to-risk  was  constant,  an  error  was  introduced  where  the  exposed-to- 
risk  was  increasing,  which  was  counterbalanced  later  on  when  the 
exposed-to-risk  decreased.  But  he  did  not  think  that  a  theoretical 
consideration  of  this  kind,  when  one  came  to  the  practical  application 
of  the  method,  was  of  much  importance. 

There  was  a  point  a  little  outside  the  scope  of  the  paper  on 
which  he  thought  an  opinion  had  never  been  expressed  in  their 
discussions.  It  was  the  point  to  which  Mr.  King  drew  attention 
when  he  referred  to  the  trouble  that  he  had  had  in  dealing  with  the 
q's  at  the  old  ages  of  the  0M(5)  experience.  Air.  King  had  found 
there  that  the  theoretical  <?'s  had  been  arbitrarily  adjusted  in  order 
to  make  them  agree  with  the  Vs  which  had  been  cut  down  in  the  life 
table.  That  had  been  done  in  the  new  experience  and  it  had  been 
done  in  other  life  tables.  If  he  might  say  so  without  offence  to 
Air.  King,  he  thought  Air.  King  had  done  it  himself  in  the  Text 
Book  table.  His  personal  opinion  was  that  the  q  was  the  original 
basis  of  all  the  tables,  and  he  did  not  think  it  should  be  tampered 
with  in  any  way.  In  his  view  the  I  was  purely  an  auxiliary  function 
and  it  seemed  quite  inconsistent  that  one  should  get  different  results 
for  the  q  according  as  one  used  100,000  or  10,000  as  the  radix.  In 
connection  with  the  commutation  columns  the  same  question 
arose  ;  the  values  began  to  decrease,  and  one  had  to  consider  the 
point  at  which  one  should  begin  to  cut  down.  He  thought  the 
cutting  down  should  be  done  with  reference  to  the  degree  of  accuracy 
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required  in  the  final  figures.  If  the  figures  were  not  cut  down  at 
the  10,000's,  then  in  passing  from  the  10,000's  to  the  9,000's  an  extra 
decimal  was  sometimes  put  in  to  get  greater  accuracy.  It  ought 
to  be  done  not  at  that  stage  but  halfway  down,  at  the  5,000's. 
He  mentioned  these  points  in  the  hope  that  at  some  time  or  other 
the  members  would  give  a  considered  view  on  them.  Perhaps  the 
next  editor  of  the  Text  Book  might  incorporate  something  about 
them. 

He  had  been  very  gratified  to  hear  from  Mr.  Kenchington  that 
the  few  suggestions  which  he  (the  speaker)  had  thrown  out  in  regard 
to  approximate  valuations  had  borne  some  sort  of  fruit.  But 
he  might  add,  if  it  did  not  sound  egotistical  to  say  so,  that  he  was 
not  surprised  that  Mr.  Kenchington  had  found  them  of  value  in 
other  ways,  because,  although  he  had  made  the  suggestion  originally 
for  the  purpose  of  an  ordinary  valuation,  the  principle  of  the  method 
could  equally  well  be  applied  to  the  calculation  of  expected  deaths, 
expected  death  strain  or  any  other  function  of  that  description. 

Mr.  W.  P.  ELDEKTON  said  that  before  proceeding  to  the  main 
subject  of  the  paper  he  would  refer  to  a  few  incidental  points.  The 
.first  was  with  regard  to  the  calculation  of  the  I  column  of  the  0M 
Table.  He  was  convinced  that,  whatever  Mr.  King's  view  had 
been  when  the  tables  were  prepared  for  Part  II  of  the  Text  Book, 
the  opinion  he  had  now  come  to  was  right,  and  that  it  was  a  mistake 
to  modify  the  rates  of  mortality  after  they  had  been  fixed.  The 
second  arose  in  connection  with  the  table  in  which  Mr.  King  compared 
the  probability  of  dying  within  five  years  by  the  0M  unadjusted 
data  with  the  probabilities  according  to  his  own  graduation  and 
Sir  George  Hardy's.  It  was  rather  disconcerting  to  find  that  in 
both  graduations  the  probability  of  dying  within  five  years  was 
appreciably  under-stated  at  the  older  ages,  so  that  in  basing  term 
premiums  for  five  years  on  that  probability,  something  like  4  per-cent 
loading  had  to  be  added  before  one  got  back  to  the  original  data. 
The  only  other  point  was  the  appalling  vitality,  from  the  annuity 
point  of  view,  of  the  nurses.  Their  mortality  had  apparently  been 
only  about  one-half  that  expected  when  the  annuities  were  granted. 

The  method  of  constructing  select  tables  which  Mr.  King  gave 
assumed  in  its  simplest  form  that  the  rates  of  mortality  at  the  date 
of  selection,  or  at  any  subsequent  time  during  the  period  of  selection, 
were  proportionate  to  the  ultimate  mortality,  and,  as  he  understood 
Mr.  King's  application  of  the  method,  Mr.  King  cross-graduated  as 
little  as  possible.  For  simplicity,  there  was  a  great  deal  to  be  said 
for  that.  Mr.  King  suggested,  however,  that  it  might  be  possible 
to  graduate  the  ratios  age  by  age.  He  (the  speaker)  thought  that 
the  difficulty  would  be  to  make  the  graduated  ratios  for  the  select 
period  run  smoothly  into  the  ultimate.  Clearly,  if  one  used  the 
same  ratios  all  the  way  through  it  was  easier  to  make  them  run 
smoothly  than  if  they  varied  from  age  to  age.  Having  graduated 
the  ratios  for  age  0,  they  might  work  on  proportions  instead  of 
actual  differences  in  the  ratios,  and  thus  run  them  into  the  ultimate 
table  satisfactorily.  But  no  method  of  application  that  occurred  to 
him  would  deal  with  one  type  of  selection,  which  he  believed  arose 
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fairly  frequently.  It  had  been  referred  to  by  Mr.  Henry  in  the  case 
of  pension  mortality,  where  there  was  in  a  sense  negative  selection, 
and  its  effect  was  that  it  ran  off  at  different  periods  at  different  ages. 
He  was  not  quite  sure  that  if  the  0XM  Table  was  examined  it  would 
not  be  found  that  there,  too,  selection  lasted  for  different  periods  at 
different  ages  ;  and  it  was  obviously  difficult  to  effect  a  smooth 
junction  between  the  select  and  ultimate  parts  of  a  table  when  that 
peculiarity  in  the  selection  occurred.  Except  in  the  case  of  pension 
funds,  he  was  not  quite  sure  that  that  peculiarity  was  real  selection, 
where  selection  was  defined  as  a  factor  introduced  at  the  date  when 
a  contract  was  granted.  He  thought  that  it  might  be  due  in  part  to 
the  withdrawal  of  healthy  lives  or  some  other  extraneous  cause, 
such  as  he  had  suggested  some  years  ago. 

His  general  impressions  in  regard  to  the  method  suggested  in 
the  paper  were  that  it  was  as  accurate  a  method  as  one  could  hope 
to  obtain  at  present  in  many  cases,  and  that  it  could  clearly  be 
extended,  as  3Ir.  King  had  indicated,  to  follow  the  more  minute 
variations  of  selection  within  certain  limits  in  those  cases  where  it 
was  necessary  to  refine.  He  thought,  too.  that  the  method  indicated 
the  first  step  that  must  be  taken  in  examining  selection.  It  assumed, 
as  it  were,  a  simple  form,  and  by  examining  deviations  from  that 
form  the  student  would,  he  thought,  learn  far  more  about  selection 
than  by  attempting  brilliant  graduations  by  empirical  methods. 

The  CHAIRMAN  (Sir  Joseph  Burn)  considered  that  a  paper  like 
Mr.  King's  was  of  great  interest  because  it  gave  students  an  actual 
experience  to  consider.  Mr.  King  had  stated  what  had  happened  in 
a  certain  pension  fund,  and  it  seemed  to  him  very  useful  for  those 
unacquainted  with  such  an  experience  to  examine  the  problem  for 
themselves.  The  problem  was  as  follows  :  There  were  a  large  number 
of  nurses  who  were  going  to  pay  a  certain  contribution  each  year,  and 
who  would  be  entitled,  on  attaining  age  50,  55  or  60,  to  receive  one  of 
two  things — an  annuity  or  a  lump  sum,  the  latter  being  equivalent 
to  all  their  money  back,  with  compound  interest.  What  was  the 
first  question  which  in  practice  would  present  itself  to  actuaries  \ 
The  first  point  which  should  be  considered  was.  lie  thought,  what 
amount  of  selection  would  there  be  against  the  fund  \  He  was  not 
sure  whether  he  had  correctly  understood  Mr.  Elderton's  remarks 
on  that  point,  but  it  seemed  to  him  that  there  was  such  a  selection, 
and  it  was  likely  to  be  more  powerful  than  anything  they  had 
experienced.  He  was  not  surprised  to  see  it  was  even  as  great  as 
shown  in  the  paper,  because  he  would  expect  that  any  nurse  as  young 
as  50  or  55,  who  took  an  annuity,  would  be  very  careful  to  see  that 
she  had  a  good  chance  of  receiving  it  for  a  good  many  years.  What 
would  actually  happen  in  that  pension  fund  was  this — a  large  number 
of  members  would  receive  all  their  contributions  back,  with  compound 
interest,  and  these  lump  sum  claims  at  a  particular  age  would  really 
take  the  place  of  nearly  all  the  deaths  expected  for  several  years 
after  that  age,  had  the  persons  in  question  taken  pensions  instead 
of  lump  sums.  That  seemed  to  be  borne  out  in  the  figures  which 
were  given  in  the  paper. 
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Mr.  GEORGE  KING,  in  reply,  said  that  the  paper  was  not 
meant  to  be  final.  He  offered  it  to  the  members  simply  as  an 
instrument  that  would  be  very  effective  in  making  further  investi- 
gations. The  remarks  of  Mr.  Kenchington  showed  that  there  was 
great  promise  in  that  direction.  He  might  say  that  he  himself  was 
trying  to  graduate  the  ratios  age  by  age,  but  it  was  very  difficult. 
It  involved  a  double  graduation,  perpendicular  and  horizontal ; 
and  the  introduction  of  a  varying  factor  or  any  departure  from  a 
perpendicular  graduation  affected  the  horizontal  graduation. 
That  was  a  difficulty,  but  he  did  not  know  that  it  could  not  be  over- 
come. That  remained  to  be  seen.  There  were  two  kinds  of  selection 
as  regards  assured  lives.  There  was  first  of  all  the  medical  selection 
in  favour  of  the  office,  and  then  there  was  reason  to  think  there  was 
an  adverse  selection  through  lapses,  strongest  in  the  earlier  policy- 
years.  Therefore,  although  it  was  almost  an  axiom  that  the  factors 
by  which  one  multiplied  the  ultimate  q  to  get  the  select  q  must  increase 
with  the  duration,  it  was  not  certain  that  this  would  be  the  case  if 
a  long  period  of  selection  were  taken,  because  a  reduction  in  the 
lapse  rate  might  have  the  reverse  effect. 

With  regard  to  the  Chairman's  remarks  as  to  the  selection 
exercised  by  the  nurses,  he  personally  did  not  see  why  the  nurses,  if 
they  took  a  lump  sum,  should  exercise  more  selection  against  the 
Fund  than  a  person  paying  a  lump  sum.  It  seemed  to  him  that  the 
two  processes  were  almost  identical. 

With  regard  to  Mr.  Lidstone's  very  interesting  and  very  useful 
note,  he  should  like  to  give  a  word  of  explanation,  because  he  thought 
in  a  sense  Mr.  Lidstone  had  misunderstood  him,  and  there  might  be 
an  appearance  of  discourtesy  to  Mr.  Lidstone.  Mr.  Lidstone  said 
that  he  (Mr.  King)  had  rejected  his  new  process,  but  he  could  assure 
Mr.  Lidstone  that  he  did  not  reject  it  at  all.  It  was  a  very  admirable 
and  very  useful  process,  but  the  history  of  the  matter  was  as  follows. 
When  he  (Mr.  King)  had  been  trying  to  graduate  the  nurses'  mortality 
he  had  had  the  impression  that  something  had  been  written  about 
graduation  by  reference.  He  had  not,  however,  looked  up  the 
subject,  but  had  devised  the  method  which  he  adopted  ;  and  he 
had  found  this  method  so  easy  and  so  accurate,  that  it  had  been 
unnecessary  for  him  to  make  any  further  enquiries.  As  a  matter 
of  fact,  the  paragraph  in  which  he  referred  to  Griffith  Davies  and 
Mr.  Lidstone,  had  been  inserted  after  the  paper  had  been  written, 
and  it  had  been  inserted  solely  in  order  that  no  one  might  imagine 
that  he  claimed  any  originality  for  graduation  by  reference  to  a 
standard  table.  Mr.  Lidstone's  article  had  been  written  nearly 
thirty  years  ago,  and  he  might,  perhaps,  be  forgiven  if  he  had  not 
remembered  the  details  of  it.  He  ventured  to  think,  however,  that 
for  the  purpose  he  had  in  view,  even  in  graduating  the  AMP 
Ultimate  Table,  his  (Mr.  King's)  method  had  very  distinct  advan- 
tages. His  paper  was  on  the  construction  of  Select  Tables,  and  not 
on  the  best  possible  construction  of  Ultimate  Tables.  He  had 
become  very  much  interested  in  graduation  by  reference,  and  there- 
fore he  had  tried  it  on  the  Australian  Table,  although  that  was  not 
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a.  very  small  experience  ;  and  he  did  not  think  one  could  have  a 
better  proof  of  its  success  than  was  given  by  Mr.  Lidstone — that 
his  (Mr.  Lidstone's)  graduation  by  his  own  method  was  almost 
identical  with  his  (Mr.  King's).  He  submitted  that  his  method  was 
a  very  great  deal  shorter  than  Mr.  Lidstone's.  He  merely  got  the 
expected  deaths  by  the  Ultimate  Table  and  the  actual  deaths  ;  and 
he  then  got  in  age  groups  the  ratios  between  them,  and  distributed 
the  ratios  into  factors  ;  he  found  that  for  this  purpose  Milne's  graphic 
method  of  graduation  was  a  very  good  one,  because  one  did  not 
need  to  trouble  about  having  equal  age  ranges  in  the  groups.  Then, 
having  got  the  factors,  he  could  check  the  accuracy  of  the  table  at 
once,  without  forming  qx  and  getting  the  final  table,  by  simply 
multiplying  the  factors  into  the  expected  deaths  by  the  Standard 
Table  ;  and  if  he  found  that  the  actual  deaths  were  accurately 
reproduced  then  the  table  was  all  right.  If  he  found,  on  the  other 
hand,  that  they  were  not  properly  reproduced  in  the  different 
portions  of  the  table,  he  could  simply  slightly  alter  the  factors, 
without  any  further  trouble,  instead  of  having  to  deal  with  the 
final  qx's.  and  in  the  end  he  got  a  perfectly  graduated  qx,  fitting 
closely  to  the  original  facts.  Then  there  was  a  further  advantage. 
If  Tables  2  and  8  of  the  paper  were  looked  at,  it  would  be  seen  at 
once,  by  glancing  at  the  factors,  what  proportion,  at  any  age,  the 
mortality,  for  instance,  of  the  Australian  data  bore  to  the  home 
mortality.  He  did  not  think  that  could  be  done  by  Mr.  Lidstone's 
method  without  a  much  more  elaborate  process.  One  could  read 
off,  without  any  trouble  at  all,  that,  up  to  a  given  age,  the  Australian 
mortality  was  not  more  than  so-much  per-cent  of  the  home  mortality. 
It  was  worth  noticing  that  really  the  Australian  mortality  was 
probably  better  than  it  appeared  to  be  in  the  paper,  because  there 
was  every  reason  to  think  that  the  rate  of  mortality  throughout 
the  world  had  been  improving,  and  the  Australian  experience  was 
older  than  the  British.  It  ran  from  1819  to  1903,  against  1863  to 
1893  for  the  0M(5)  Table.  Probably,  if  one  had  more  recent 
Australian  experience,  it  would  be  found  even  better  than  came  out 
in  his  paper. 


The  Census  of  1921.  Some  Remarks  on  Tabulation.  By  F.  A.  A. 
Mexzler,  B.Sc.,  F.I.A.,  F.S.S..  of  the  Government  Actuary's 
Department. 

[Submitted  to  the  Institute,  14  February  1921.] 

Iipper.0f  1.  It  will  be  recalled  that  the  President  remarked 
in  his  recent  Address  that  a  paper  of  modest  scope 
on  the  tabulation  of  the  coming  Census  would  be  welcome  as  a 
means  of  promoting  a  discussion  at  this  Institute.  The  present 
paper  has  accordingly  been  written  in  the  hope  that  it  may 
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serve  to  elicit  suggestions,  for  possible  submission  to  the 
authorities,  as  to  points  in  censal  tabulation  in  which  actuaries 
are  specially  interested.  The  fact  that  important  data  as  to 
ages  of  children  in  relation  to  the  ages  of  parents  will  be  available 
for  the  first  time  as  a  result  of  the  forthcoming  Census  seems  to 
make  it  specially  advisable  that  the  actuarial  profession  should 
consider  the  subject  of  tabulation  while  there  is  yet  time  to  give 
effect  to  practicable  proposals.  For  this  reason  the  present 
paper  is  confined  to  questions  of  tabulation.  Presumably  there 
will  be  opportunity  later  for  consideration  of  the  many  interesting 
questions  that  arise  upon  the  subjects  of  graduation  and  adjust- 
ment and  with  regard  to  the  National  Life  Tables. 

It  is  proposed,  therefore,  (i)  to  refer  briefly  to  the  House- 
holder's Schedule,  its  limitations,  and  the  changes  that  will  be 
made  in  it  at  the  1921  Census  (pars.  2-7)  ;  (ii)  to  give  an  account 
with  some  criticism  (chiefly  of  Vol.  X)  of  the  1911  tabulation 
(pars.  8-50)  ;  and  (hi)  to  deal  with  the  question  of  the  new  data 
as  to  orphanhood  and  dependency  (pars.  51-54).  The  actuary 
who  is  not  particularly  interested  in  the  descriptive  detail  of  the 
subject  under  (ii)  will  find  criticism  and  suggestions  in  pars.  27-40 
and  45-50.  A  general  view  of  the  tabulation  is  given  in  the 
Appendix. 

(i)  The  Householder's  Schedule. 

2.  There  is  of  course  a  very  considerable  literature 
criticism  of  the  dealing  with  alleged  defects  in  the  Census  and  indeed 
in  almost  every  branch  of  official  statistics,  but, 
putting  aside  the  questions  of  imperfect  co-ordination  and 
of  defects  that  are  stated  to  exist  in  the  law  relating  to 
Registration,  it  will  be  found  that  previous  criticism  of  the 
Census  has  been  chiefly  directed  to  what  are  considered  to  be 
shortcomings  in  the  questions  asked  on  the  Householder's 
Schedule  rather  than  to  the  mode  of  presentation  of  the  censal 
data.  In  any  criticism  that  draws  attention  to  lack  of  infor- 
mation on  any  given  point  in  the  published  Census  volumes  it 
must  clearly  be  remembered  that  the  Registrar-General  can 
only  tabulate  information  that  is  given  on  the  Householder's 
Schedule,  and  the  inability  of  the  social  reformer,  or  even  of  the 
actuary,  to  find  an  answer  to  every  statistical  conundrum  within 
the  massive  volumes  which  enshrine  the  results  for  England  and 
Wales  must  largely  be  ascribed  to  causes  other  than  the  "  official 
inertia  "  to  which  Sir  Gerald  Ryan  refers,  somewhat  cautiously, 
in  his  paper  on  "The  Case  for  Census  Reform"  (J. I. A.,  vol. 
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xxxvi).  It  w^ill  be  useful,  therefore,  to  indicate  a  few  of  the 
more  or  less  inevitable  limitations  on  the  Householder's  Schedule 
before  proceeding  to  discuss  the  question  of  tabulation. 

3.  There  is  scarcely  any  limit  to  the  number  of 
on  the  questions  for  each  of  which  a  good  case  could  doubtless 

schedule.  be  made  out  by  the  enthusiast,  social,  economic  or 
actuarial.  Consanguineous  marriages,  wages  and 
sickness  have  all  been  suggested  as  suitable  additional 
points  for  enquiry,  but  it  is  obvious  there  are  certain  practical 
limits  to  the  questions  that  can  reasonably  be  asked  if  any 
degree  of  accuracy  in  the  answers  is  to  be  obtained. 

4.  The  first  limitation  is  imposed  by  public  opinion  which  can 
be  relied  upon,  mainly  perhaps  through  its  self-elected  inter- 
preters, to  resent  any  question  that  savours  of  the  inquisitorial. 
It  is  only  by  the  gradual  education  of  public  men  and  others  to 
the  necessity  of  adequate  statistics  that  we  have  got  to  the 
present  position  as  regards  questions  on  the  Householder's 
Schedule.  Again,  it  is  of  little  use  to  ask  questions  that  will 
invite  prejudiced  answers.  If  a  man  is  asked  what  his  wages 
are  he  will  at  once  scent  the  tax-gatherer.  If  the  answer  to  a 
question  is  felt  to  be  in  any  way  a  reflection  on  the  individual, 
important  anti-social  facts  will  be  concealed  and  the  resulting 
data  will  be  unreliable.  It  is  well-known  that  for  reasons  of 
this  kind  the  statistics  as  to  Infirmity  have  been  quite  un- 
reliable. Presumably  this  explains  why  the  Infirmity  question  is 
to  be  omitted  in  the  coming  Census. 

There  is  further  the  Hmitation  imposed  by  our  system  of 
making  the  Householder  responsible  for  completion  of  the 
Schedule,  and  it  seems  clear,  as  the  Registrar-General  says  in 
his  General  Report  on  the  last  Census,  that  we  have  practically 
reached  the  limit  of  the  questions  that  can  usefully  be  asked 
unless,  as  in  the  United  States,  the  duty  of  completing  the 
Schedule  is  thrown  upon  a  more  or  less  skilled  enumerator. 
Considerations  of  space,  however,  prevent  further  discussion  of 
this  aspect  of  the  subject,  beyond  the  remark  that,  in  my  opinion, 
it  is  very  doubtful  whether  an  elaborate  Census,  with  enumerators 
upon  the  American  model,  would  produce  result  s  at  all  in  keeping 
with  the  cost  of  the  undertaking. 

5.  The  answer,  therefore,  to  those  critics  who  complain  of 
the  failure  to  obtain  information  at  the  Census  as  to  wages,  for 
example,  is  that  the  Census  is  not  the  best  means  of  obtaining 
the  information  required,  and  that  other  means,  such  as  special 


344 


The  Census  of  1921. 


[April 


official  enquiries,  must  be  adopted  if  reliable  data  are  to  be 
obtained  and  if  the  Census  is  not  to  be  overweighted.  It  will 
then  be  necessary  to  show  that  the  value  of  the  information 
when  collected  will  be  commensurate  with  the  expense  of  the 
enquiry. 

Within  the  legitimate  limits  of  census-taking,  however,  it 
would  be  idle  to  deny  that  much  has  been  lacking  in  the  past, 
especially  from  the  actuarial  point  of  view.  As  long  ago  as 
1893  Mr.  King  drew  attention  to  certain  defects  in  the  Census 
statistics  in  regard  to  dependency  and  while  it  may  seem  a  long 
time  between  then  and  1921,  when  these  defects  will  be  remedied 
for  the  first  time,  it  must  be  recognized,  on  the  one  hand,  that 
the  information  desired  was  not  of  such  obvious  public  interest 
in  former  years  as  it  has  now  become,  and,  on  the  other  hand, 
that  the  means  of  representing  the  actuarial  point  of  view  to 
the  authorities  were  less  direct  than  is  now  the  case. 

6.  It  is,  moreover,  evident  that  each  additional  question  on 
the  Schedule  involves  for  its  appropriate  tabulation  a  further 
expenditure  of  public  money  which  is  by  no  means  a  matter  of 
simple  proportion.  At  the  time  when  Mr.  King  wrote  his  paper 
on  "  Family  Annuities",  Treasury  control,  reflecting,  of  course, 
the  prevalent  feeling  of  Parliament,  was  of  a  very  stringent 
character.  It  is  interesting  in  this  connection  to  refer  to  an 
account  given  in  the  Journal  of  the  Royal  Statistical  Society 
(vol.  lvii,  pp.  379-383),  of  the  reception  of  a  deputation  of  that 
body  in  1894  by  the  President  of  the  Local  Government  Board, 
himself  a  past  President  of  the  Society.  The  deputation  put 
forward  demands  for  a  permanent  Census  Office  and  for 
a  quinquennial  Census,  and,  in  his  reply,  the  President 
remarked  that  if  he  could  make  out  a  sufficient  case  to  the 
Treasury  he  would  press  it  with  all  the  means  at  his  command. 
He  added  later  that  the  cost  of  the  proposal  (for  a  permanent 
staff)  was  estimated  at  £1,500  per  annum.  No  action  was  taken 
in  regard  to  the  proposals,  and  it  is  not  unreasonable  to  assume 
that  a  potent  influence  in  bringing  about  this  result  was  a 
generally-accepted  tradition  of  public  economy. 

7.  The  following  table  compares  the  questions 
SuSns8°fnof  asked  in  the  Householder's  Schedule  of  1911  with 
sSuiVof8    those  that  will  be  asked  in  1921.    The  latter  are 

1911  and  1921. 

briefly  set  out  in  Part  I  of  the  Second  Schedule  of 
the  Order  in  Council  which  has  been  laid  before  each  House  of 
Parliament  in  accordance  with  Section  1(1)  of  the  Census  Act, 
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1920.  The  new  procedure  for  directing  the  taking  of  a  Census 
was  recently  described  in  the  Presidential  Address  and  it  must 
suffice  to  say  here  that  both  Houses  of  Parliament  have  passed 
the  necessary  resolutions  required  by  the  Census  Act  approving 
the  special  enquiries  as  to  orphanhood  and  ages  and  size  of  family. 

England  and  Wales. 


Comparison  of  Questions  on  Householder's  Schedules  of  1911  and  1921.* 


1911. 

1921. 

Name. 

Name. 

Relation  to  head  of  family. 

Relation  to  head  of  family. 

Sex. 

Sex. 

Age  last  birthday  :  nge  m  mouths  for 
children  under  one  year  of  age. 

Age  in  years  and  months. 

Whether    unmarried,    married  or 
widowed. 

Whether  unmarried,  married, 
widowed  or  divorced. 

For  each  married  woman  : — 

(a)  Completed   number  of  years 

marriage  has  lasted. 
(o)  ui    children   born    alive  to 

present  marriage :  — 

(1)  Total  children  born  alive. 

(2)  No.  of  Children  still  living. 

(3)  No.  of  Children  who  have  died. 

For  each  married  man,  widower  or 
widow,  the  number  and  ages  of  all 
living  children  and  step-children 
under  16  years  of  age. 

In  respect  of  persons  under  15  years 
of  age,  whether  both  parents  alive, 
mother  dead,  father  dead,  or  both 
parents  dead. 

Particulars    as    to    profession  or 
occupation. 

Particulars  as  to  profession  or 
occupation. 

Whether     employer,    employee  or 
working  on  own  account. 

Whether  employer,  employee  or 
working  on  own  account. 

Whether  employed  or  unemployed ; 
present  or  last  employer,  and 
employer's  business. 

Whether  working  at  home. 

Place  of  work,  giving  address. 

Whether  occupied  in  full-time  or 
part-time  attendance  at  an  educa- 
tional institution. 

Birthplace. 

Birthplace. 

Nationality  of  persons  not  born  in 
United  Kingdom. 

Nationality  of  persons  not  born  in 
United  Kingdom. 

Iutirinity. 

Number  of  Rooms. 

Number  of  Rooms. 

Language  spoken  (Wales  and  Mon- 
mouth only). 

Language  spoken  (Wales  and  Mon- 
mouth only). 

*  Subsequently  to  the  completion  of  the  paper,  Provisional  Census  Regula- 
tions have  been  issued  giving  the  exact  form  of  the  new  Schedule. 
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infirmity  and  It  will  be  observed  that  the  1911  questions  as  to 
Infirmity  and  Fertility  will  not  be  asked  in  1921. 
As  to  Infirmity  there  is  a  general  consensus  of  opinion  that  the 
data  obtained  in  the  past  were  incomplete  and  unreliable.  With 
regard  to  Fertility,  the  data  obtained  in  1911  and  published  in 
Vol.  xiii,  Pt.  1,  no  doubt  afford  interesting  material  to  the  student 
of  social  phenomena,  but  it  must  be  remembered  that  the  effects 
of  the  war  on  statistics  of  this  character*  would  undoubtedly 
tend  to  vitiate  any  conclusions  that  might  be  drawn  from 
similar  data  collected  at  the  coming  Census.  Actuaries  will  be 
chiefly  interested  in  the  new  method  of  asking  for  age  in  years  and 
months,  and  in  the  questions  as  to  orphanhood  and  dependency.. 

(ii)  General  Account  and  Criticism  of  1911  Tabulation 
for  England  and  Wales. 

t  8.  The  tabulated  results  of  the  1911  Census  for 

i9uCTabuiatiJn  England  and  Wales  were  issued  in  13  main  volumes. 

In  addition  there  were  a  volume  for  each  County,  a 
summary  volume,  and  a  volume  containing  the  General  Report 
of  the  Registrar-General.  It  should  be  explained  at  the  outset 
that  the  general  scheme  appears  to  be  to  print  practically  the 
whole  of  the  tabulation  in  the  13  main  volumes,  and  to  extract 
the  appropriate  tables  for  the  purpose  of  the  County  volumes. 
An  examination  of  typical  County  volumes  (Lancashire  and  Kent) 
did  not  reveal  any  information  of  importance  that  could  not  be 
found  in  the  main  volumes.  This  arrangement  may  be  contrasted 
with  that  adopted  in  Scotland  where  the  practice  appears  to  be  to 
issue  County  volumes  first  which  contain  a  considerable  amount 
of  detail,  though  not  as  much  as  in  the  English  County  volumes, 
and  which  are  described  collectively  as  Volume  I.  A  summary 
of  the  broad  features  of  the  tabulation  in  the  County  volumes 
together  with  particulars  for  the  whole  of  Scotland  is  given  in 
Volumes  II  and  III.  It  may  seem  reasonable  and,  as  regards 
printing,  economical  to  relegate  details  to  County  volumes  and 
to  give  a  condensed  view  of  the  facts  in  one  or  two  main  or 
summary  volumes.  It  is,  however,  submitted  that  there  is 
something  to  be  said  for  the  procedure  adopted  for  England 
and  Wales,  for  it  is  conceivable  that  for  many  purposes  all  the 
information  of  one  particular  kind  that  is  tabulated  for  various 
areas  should  be  found  in  one  place.  The  Scottish  system,  on 
the  other  hand,  certainly  produces  an  elegant  handbook  enabling 

*  i.e.,  statistics  derived  from  a  question  of  the  tvpe  of  the  1011  Fertility  question. 
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a  rapid  survey  of  social  conditions  easily  to  be  made.  This  may 
have  certain  advantages  for  journalistic  and  similar  purposes, 
but  for  many  practical  purposes  the  English  system  seems  to  be 
preferable.  The  argument  that  a  large  amount  of  printing  and 
duplication  is  saved  is  not  of  great  importance  when  it  is  realized 
that  once  the  type  has  been  set  extra  copies  for  amalgamation 
into  County  volumes  can  be  run  off  very  cheaply. 

9.  An  attempt  has  been  made  in  the  Appendix  to  give  a 
general  view  of  the  tabulation  and  to  indicate  the  more  important 
tables.  There  is,  of  course,  in  addition  a  considerable  number  of 
Summary  and  Comparative  Tables  in  the  various  volumes.  It 
should  be  noted  that  the  de  facto  population  is  the  basis  of  the 
tabulation  and  that  the  administrative  units  of  the  country  are 
the  basis  of  the  classification  by  areas.  It  may  be  of  interest  to 
those  who  have  not  ready  access  to  the  Census  volumes,  and  of 
help  to  Census  critics  who  have  not  yet  made  a  close  examination 
of  the  volumes,  if  an  account  of  the  tabulation  based  on  an 
actual  scrutiny  is  attempted.  Description  of  tabulation  is 
necessarily  a  somewhat  dull  subject,  and  it  is  feared  that  the 
appropriate  brevity  has  not  been  attained. 

voi«.  i-v.  10.  Volumes  I— TV  contain  a  bare  enumeration  of 

the  population  according  to  various  areas,  males  and 
females  being  given  separately  except  in  the  case  of  Vol.  IV 
which  deals  with  Ecclesiastical  Areas.  Vol.  V  is  an  Index  to 
Vols.  I-IV. 

Vol  L  11.  Volume    I. — Population    in  Administrative 

Areas. — Tables  1  to  10  relate  to  the  various  Adminis- 
trative Areas  and  show  : 

(1)  Area  in  acres  ; 

(2)  Number  of  Families  or  Separate  Occupiers  (=Number  of 

Householders'  Schedules) ; 

(3)  Population.  Males  and  Females. 

The  largest  and,  as  regards  areas  dealt  with,  the  most  detailed 
table  is  Table  10  (368  pages)  which  gives  the  above  particulars 
down  to  the  Civil  Parish  and  Municipal  Ward.  Certain  corre- 
sponding figures  for  1901  are  also  shown  for  comparative  pur- 
poses. Additional  columns  show  the  numbers  of,  and  population 
enumerated  in,  Institutions,  Large  Establishments,  Vessels,  &c., 
included  under  (2)  and  (3)  above,  the  Registrar-General  stating 
that  this  information  has  been  given  to  enable  a  better  estimate 
to  be  made  of  the  average  size  of  the  family  in  the  various  areas. 

Table   12   gives  information  as  to  those  administrative 
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curiosities,  the  "  Detached  Parts  of  Civil  Parishes."  The  table 
gives  the  name  of  the  Civil  Parish  to  which  the  detached  part 
belongs,  and  the  names  of  the  Parishes  surrounding  the  detached 
part.  The  tabulation  of  these  particulars  extends  over  29  pages, 
and  it  is  indeed  surprising  to  find  that  at  the  1911  Census  there 
were  still  in  existence  no  fewer  than  921  detached  parts  of  Civil 
Parishes. 

As  illustrating  some  of  the  difficulties  of  carrying  out  the 
tabulation,  reference  may  be  made  to  Table  13  (18  pages)  which 
shows  the  changes  of  boundaries  of  Civil  Parishes  during  the 
inter-censal  period  1901-1911. 

Seamen  on  vessels  were  included  in  the  enumeration  only  if 
such  vessels  were  in  port  on  the  night  of  the  Census  or  arrived 
there  on  the  following  day.  Such  persons  are  dealt  with  in 
Table  21,  and  are  "  distributed  among  the  general  population  of 
the  parishes  contiguous  to  the  waters  in  which  the  vessels  were 
lying  with  as  much  accuracy  as  the  information  obtained  allows." 

Table  25  shows  the  constitution  of  the  so-called  "  Outer 
Eing  "  of  London,  i.e.,  that  part  of  the  Metropolitan  Police 
District  which  is  outside  the  Administrative  County  of  London. 

The  volume  concludes  with  Table  27 — "  Number  and  Home 
Ports  of  Persons  absent  at  Sea  on  Fishing  Vessels  at  the  date  of 
the  Census."  It  may  be  remarked  that  these  fishermen,  who  were 
at  sea  on  the  night  of  the  Census  and  who  did  not  arrive  in  port 
on  the  following  day,  are  not  included  in  the  returns  of  population. 
The  numbers  in  the  table  are  approximate  and  are  derived  from 
a  Keturn  prepared  by  the  Registrar-General  of  Shipping  and 
Seamen. 

Vol  n  12.  Volume    II. — Population     in  Registration 

Areas. — Tabulation  follows  the  general  form  of 
Table  10,  Vol.  I. 

Table  7  shows  the  differences  between  Registration  and 
Administrative  Counties. 

Table  8  gives  the  aggregate  numbers  of  Marriages,  Births  and 
Deaths  in  each  Registration  County  and  District  in  the  inter- 
censal  period. 

The  volume  concludes  with  a  repetition,  no  doubt  for  the 
purpose  of  completeness,  of  the  table  relating  to  fishermen, 
Table  27  of  Vol.  I,  "  Number  and  Home  Ports  of  Persons  absent 
at  Sea  on  Fishing  Vessels  at  the  date  of  the  Census." 
Vol  m  13.  Volume  III. — Population  in  Parliamentary 

Areas. — Tabulation   follows   the   general   form  of 
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Table  10,  Vol.  I,  but  the  details  as  to  persons  enumerated  in 
Institutions,  &c.,  mentioned  in  connection  with  that  table  are 
omitted,  and  the  numbers  of  "  Electors  on  Register  V  in  1901 
and  1911  are  given  instead. 

Table  4  gives  the  constitution  of  Parliamentary  Boroughs  by 
Civil  Parishes  and  the  differences  between  Parliamentary  and 
Municipal  Boroughs. 

The  volume  concludes  with  the  usual  absent  fishermen  table 
found  at  end  of  Volumes  I  and  II. 

Vol  IV_  14.  Volume    IV. — Population    in  Ecclesiastical 

Areas. — This  volume  gives  for  each  Diocese,  Ecclesi- 
astical Parish  or  District  information  similar  to  that  recorded  in 
Vols.  I— III,  but  the  population  is  not  separated  into  males  and 
females,  nor  are  the  1901  figures  given  for  comparison.  The 
Civil  Parish,  or  Parishes,  and  the  Administrative  County,  or 
County  Borough,  in  which  the  Ecclesiastical  Area  is  situated, 
are  also  given. 

The  tabulation  extends  over  531  pages,  and  in  view  of  the 
non-coincidence  of  the  Civil  and  Ecclesiastical  Parishes  must  be 
a  troublesome  piece  of  work.  It  would  be  interesting  to  know 
what  administrative  purposes  are  served  by  this  volume. 

The  volume  concludes  inevitably,  if  somewhat  irrelevantly, 
with  Table  6 — "  Number  and  Home  Ports  of  Persons  absent  at 
Sea  on  Fishing  Vessels  at  the  date  of  the  Census." 
Vol  v  15.  Volume  V. — Index  to  Volumes  I-IV. — This  is 

as  far  as  can  be  discovered  the  only  formal  index  to 
the  Census  tabulation.  It  is  an  index  to  "  every  defined  area 
separately  mentioned  in  the  tables  of  the  Census  Volumes,"  i.e., 
Vols.  I-IV. 

The  Index  shows  for  each  area  : — 
Description. 
Administrative  County. 
Urban  or  Rural  District. 
Number  of  Registration  District. 
Population,  1911. 

Page  of  Population  Volume,  I,  II,  HI  or  IV. 

16.  It  is  appropriate  at  this  stage  to  draw  atten- 
KigPo^gof    tion  to  the  overlapping  that  arises  from  the  necessity 

complexity 

Gove^ment      ^or  tabulating  the  population  in  the  above  four 
different  ways.    The  non-coincidence  of  the  Admini- 
strative, Registration,  Parliamentary   and  Ecclesiastical  areas 
arises  out  of  historical  considerations  and  a  full  account  of  the 
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origin  of  the  various  areas  is  given  in  the  General  Report 
on  the  Census  and  in  the  Introductions  to  Vols.  I-IV.  It 
may  be  of  interest,  however,  to  remark  that  Parliamentary 
areas  follow  more  or  less  the  ancient  or  geographical  county. 
Thus  we  find  that  the  Eedistribution  Commissioners  in  1884 
decided  to  adopt  as  a  basis  the  Petty  Sessional  District  which 
was  always  contained  within  the  County  boundaries.  Regis- 
tration counties  are,  however,  aggregations  of  Poor  Law  Unions, 
and  Poor  Law  Unions  centreing  as  they  did  on  market  towns 
frequently  extended  over  two  or  more  counties.  The  most 
important  areas  at  the  present  time,  i.e.,  the  Administrative,  which 
will  in  all  probability  absorb  the  others  in  course  of  time,  were 
largely  the  creation  of  the  Local  Government  Acts  of  1888  and  1894, 
and  are  based  partly  on  the  Public  Health  areas  that  had  grown 
up  since  1848.  Local  Government  reform  is  not  a  subject  that 
need  detain  us,  but,  disregarding  the  opportunity  for  a  few 
pungent  remarks  that  the  subject  affords,  it  may  be  stated 
that  there  is  apparently  one  area  common  to  the  three  areas 
that  have  just  been  described,  namely,  the  Civil  Parish,  and  that 
in  the  case  of  one  County  at  any  rate,  i.e.,  Cumberland,  the 
Administrative,  Registration  and  Parliamentary  Counties 
coincide.  In  the  later  volumes  tabulation  is  according  to 
administrative  areas  throughout,  though  certain  tabulation  in 
Vol.  VII  (Ages  and  Conditions  as  to  Marriage)  is  repeated  for 
Registration  Counties  and  Districts. 

Examples  of  ^  may  De  °f  interest  to  quote  some  of  the  examples 
orooundaries.  given  on  page  28  of  the  General  Report  to  illustrate 
the  existing  confusion  of  boundaries. 

The  Urban  Districts  of  Brownhills,  Oakengates  and  Spenny- 
moor  each  extend  into  three  Poor  Law  Unions. 

The  Poor  Law  Union  of  Stamford  extends  into  five  Adminis- 
trative Counties,  and  comprises  one  Municipal  Borough  and  four 
Rural  Districts. 

The  Parliamentary  Borough  of  the  Hartlepools  comprises  the 
County  Borough  of  West  Hartlepool,  part  of  the  Municipal 
Borough  of  Hartlepool  and  part  of  the  Rural  District  of 
Hartlepool. 

The  Civil  Parishes  of  Crosby  Ravensworth,  Hutton-le-Hole, 
Poolow  and  Bigge's  Quarter  have  14,  12,  8  and  7  detached  parts 
respectively. 

VoL  17.  Volume  VI. — Buildings  of  Various  Kinds. — 

The  Statistics  given  in  this  volume  were  based  upon 
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information  collected  by  the  enumerators,  and,  while  a  high 
degree  of  accuracy  is  not  claimed,  it  is  stated  that  the  figures 
given  may  be  regarded  as  reasonably  close  approximations. 
The  classification  is  according  to  Buildings  used  as  Dwellings, 
and  Buildings  not  used  as  Dwellings,  each  of  which  categories 
is  sub-divided  into  certain  obvious  classes  of  buildings  for  which 
further  information  is  given  as  to  Number  Inhabited,  Separate 
Occupiers,  Population,  Uninhabited  and  Being  Built. 
The  above  tabulation  is  given  for  : — 

Administrative    Counties    (inclusive   and   exclusive  of 

County  Boroughs). 
Aggregate   of   Urban  Districts    (exclusive    of  County 

Boroughs), 
Urban  Districts, 
Rural  Districts. 
Tables  follow  showing  for  the  above  areas  the  average  number 
of  persons  per  dwelling  and  per  family. 

Vol  18.  Volume   VII. — Ages  and  Conditions  as  to 

Marriage. — It  is  perhaps  only  when  this  volume  is 
reached  that  actuarial  interest  begins  to  stir.  In  Tables  1  to  7 
marital  condition  is  given  age  by  age  for  each  sex  for  England 
and  Wales,  London  and  the  aggregates  of  administrative  areas 
to  which  Mr.  King's  Sectional  Life  Tables  relate.  For  the 
individual  Administrative  Counties  and  their  sub-divisions  we 
must  turn  to  Table  8  (Ages  only)  and  Table  9  (Ages  and  Con- 
ditions). Considerations  of  space  naturally  arise  and  quin- 
quennial groups  only  are  given  after  age  20.  Table  8  tabulates 
the  smaller  areas  down  to  the  borough,  and  urban  or  rural 
district,  whereas  Table  9  stops  short  at  urban  districts  with  more 
than  50,000  inhabitants,  and  omits  rural  districts  altogether. 
Table  9  evidently  repeats  for  certain  areas  the  age  detail,  for 
persons  aged  15  and  upwards,  given  in  Table  8.  The  critic  will 
find  it  a  possibly  interesting  problem  to  try  to  avoid  this 
duplication  without  grouping  the  ages  under  20  and  without 
destroying  the  homogeneity  of  Table  8.  After  some  consider- 
ation it  will  probably  appear  that  in  this  case,  as  in  other  parts 
of  the  tabulation,  a  reasonable  compromise  has  been  made. 

As  an  illustration  of  the  complexity  of  Local  Government 
reference  may  be  made  to  Table  8a  which  gives  age  particulars, 
as  in  Table  8,  for  Rural  Districts  extending  into  two  Adminis- 
trative Counties. 

A  considerable  number  of  comparative  tables  (Tables  18-28) 
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is  a  feature  of  this  volume  as  indeed  of  other  volumes.  As  they 
are  mostly  exercises  in  simple  proportion  (e.g.,  per  100,000 
persons  in  various  areas  and  so  on)  they  do  not  call  for  much 
comment.  It  may  be  noted,  in  passing,  that  the  heading  to 
Table  18  is  inadequate.  It  should  be  clearly  explained  that  the 
tabulation  is  on  the  basis  of  100,000  persons  in  each  area. 
Vol  19.  Volume  VIII. — Tenements  in  Occupation  of 

Private  Families. — Tables  1  and  2  in  this  volume  are 
a  cross-tabulation,  chiefly  for  certain  obvious  aggregates  of 
Administrative  Areas,  of  the  number  of  private  families  according 
to  number  of  rooms  per  tenement  and  number  of  persons  in 
private  families. 

Table  3  brings  in  a  further  variable,  the  number  of  children 
under  10  years  of  age,  and  relates  to  London,  each  Metropolitan 
Borough,  County  Borough  and  Urban  District  with  over  50,000 
inhabitants. 

Comparative  tables  designed  to  show  the  degree  of  over- 
crowding follow. 

Vo]  IX  20.  Volume  IX. — Birthplaces  of  Persons  enumer- 

ated.— Two  subjects  arise  in  this  volume,  namely, 
Aliens  and  Internal  Migration. 

Aliens  are  faithfully  dealt  with  in  Tables  3-5  as  regards 
Country  of  Birth,  Ages,  Marital  Condition,  Occupation  and,  for 
England  and  Wales  only,  according  to  whether  they  are  Residents 
or  Visitors. 

21.  On  the  subject  of  Internal  Migration,  the  tables  simply 
show  the  resultant  movement  since  birth,  and  it  seems  open  to 
doubt  whether  much  is  to  be  learnt  from  the  detailed  classifi- 
cation, in  respect  of  certain  areas,  of  birthplaces  in  relation  to 
ages.  It  would  seem  to  be  of  greater  interest  to  know  the 
movement  since,  say,  the  previous  Census,  but  this  of  course 
could  only  be  ascertained  by  a  special  question  on  the  Schedule. 
It  must,  however,  be  said  that  a  Committee  of  the  Royal 
Statistical  Society  has  asked  for  "a  greater  amount  of  age- 
detail  with  reference  to  the  inhabitants  of  certain  selected  towns 
and  rural  districts  ",  so  it  is  to  be  assumed  that  the  tabulation 
by  ages  is  of  value  to  the  student  of  social  phenomena.  The 
tabulation  by  ages  is  described  by  the  Registrar-General  as 
"  experimental  ",  but  no  reasons  are  given  for  the  choice  of 
areas. 

Voi  x  22.  Volume   X. — Occupations   and  Industries. — 

parts  land  2.    ^g  might  perhaps  be  expected,    this  important 
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volume  requires  a  considerable  amount  of  study  and  invites  a 
certain  amount  of  criticism.  It  is,  moreover,  a  volume  of  distinct 
actuarial  interest. 

Grouping  of  23.  It  must  first  be  explained  that  in  the  portion 

occupation!.      ^  yQj  ^  relating  to  Occupations,  one  system 

of  occupational  headings  is  adopted  throughout,  occupations 
being  grouped  under 

23  Orders, 

78  Sub- Orders, 

474  Headings. 

Effectively,  however,  there  are  only  472  headings  in  view  of 
the  grouping  together  in  one  total  in  Order  XXIII  of  the  figures 
relating  to  the  headings  "  Students  "  Scholars  "  and  "  Others." 
It  would  seem  preferable  to  have  the  figures  relating  to  "  Others  " 
separately  if  not  for  "  Students  "  and  "  Scholars but  it 
is  stated  in  the  General  Keport  (p.  146)  that  the  three 
headings  were  amalgamated  on  account  of  the  incompleteness 
of  the  returns.  "  Others  it  may  be  remarked,  are  principally 
wives  wholly  engaged  in  domestic  duties  at  home.  In  Part  2, 
which  consists  of  one  table  only  (Table  13),  and  which  relates 
to  the  individual  County  Boroughs,  and  the  sub-divisions  of 
the  Administrative  County,  some  compression  of  headings  had 
to  be  made,  so  that  we  find  statistics  relating  to  a  minimum 
condensed  list  of  occupations  followed  by  particulars  in  italics 
for  relatively  important  occupations.  An  Appendix  to  Vol.  X 
contains  an  index  to  the  occupations  returned  on  the  Schedules 
together  with  the  order,  sub-order  and  heading  under  which 
each  occupation  was  grouped. 

It  must  be  added  that,  in  view  of  the  fact  that  the  classifi- 
cation adopted,  in  the  portion  of  Vol.  X  which  is  stated  to  relate 
to  "  Occupations  is  a  compromise  between  a  personal  and  an 
industrial  classification,  considerable  caution  is  necessary  in 
using  the  statistics  tabulated.  This  point  is  dealt  with  more 
fully  in  pars.  37-40  in  conjunction  with  Tables  28  and  29  in  which 
the  classification  is  on  a  purely  industrial  basis. 

24.  The  detailed  tabulation  for  England  and 
waSieasnLoudon.   Wales  is,  with  one  exception  (Table  7  relating  to 

Lancashire  and  . 

Yorkshire.       married  men),  repeated  for  London,  Lancashire  and 
Yorkshire  separately,  presumably  because  of  the 
relative  importance  of  these  areas,  including  as  they  did  some 
13  millions  of  the  population. 

vol.  lii.  2  c 
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Administrative  25.  The  statistics  as  to  Administrative  Counties 
(inclusive  of  County  Boroughs)  are  tabulated  in 
Table  12  which  follows  the  form  of  Table  1  (England  and  Wales), 
while  Table  13  gives  information  under  condensed  headings,  as 
explained  above,  for 

England  and  Wales, 

Aggregate  of  Urban  Districts, 

Aggregate  of  Eural  Districts, 
and  each 

Administrative  County, 

County  Borough, 

Metropolitan  Borough, 

Urban  District  with  more  than  50,000  inhabitants, 
.and  the 

Aggregate  of  Rural  Districts  in  each  Administrative 
County. 

information  26.  Having  dealt   with  the   areas    for  which 

tabulation  is  made,  we  may  now  proceed  to  consider 
the  actual  tabulation,  which  for  any  occupational  heading  deals 
with  ages,  conditions  as  to  marriage  (with  or  without  age- 
distribution)  and  economic  status,  i.e.,  whether  employer, 
employee,  or  working  on  own  account,  for  which  totals  only 
are  given  for  each  heading.  In  connection  with  status  it  may 
be  remarked  that  data  as  to  unemployed  will  also  be  available 
as  a  result  of  the  coming  Census. 

The  following  table  gives,  it  is  hoped,  a  clear  view  of  the 
tabulation  in  the  more  important  occupation  tables,  while  it  is 
thought  that  the  specimens  given  of  the  actual  forms  of  the 
tabulation  may  assist  in  the  understanding  of  what  follows. 
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Volume  X. 

Table  showing  the  contents  of  the  more  important  Tables  relating  to 
Occupations. 

The  particulars  shown  are  tabulated  for  each  occupational  "  heading." 

A  cross  (x)  denotes  the  tabulation  of  the  information  indicated  in  the 
column  heading. 


Sex 


Age  Groups 


Conditions  as  to 
Marriage 


Sex 


8S 


Remarks 


8 


England  &  Wales 
England  &  Wales 


England  &:  Wales  1 
London  (Ad.  Co.) 
Lanes.  (Ad.  Co. 

+  C.B.)  ... 
Yorkshire  (Ad. 

Co.  +  C.B.) 
England  &  Wales 


England  &  Wales 
9  London 

10  Lancashire 

11  Yorkshire 


Each  Ad.  Co. 
C.B. 


England  &  Wales  , 
Subdivisions  of  I 
Ad.  Co.;  Co.  j 
Boroughs  ... 

England  &  Wales  , 
London  ...  | 

Lancashire  ...  j 
Yorkshire        ...  - 


10- 

10- 


10-,  15-  20-, 
25-,  35-,  .  .  . 
75  and  over. 

-20,  20-,  21-, 
25-,  35-,  .  .  . 
75  and  over. 

10-,  15-,  20-, 
25-,  35-,  .  .  . 
75  and  over. 


10- 


10-,  13-,  14-, 
...  19,  20-, 
25-,  35-,  .  .  . 
65  and  over. 

Individual  ages 
10  to  21. 


Mar-   

ried 
only  I 


.Mar- 
ried 


Occupational 
headings  in 
alphabetical 
order. 


(Marital  con- 
dition is 
indicated  by 
use  of 

different  kinds 
I  of  type. 


This  table 
forms 

Vol.  X,  Pt.  2. 


Note. — Ad.  Co.  +  C.B.  =  Administrative  County  inclusive  of 
County  Boroughs. 
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Specimens  of  Tabulation. —  Volume  X. 
Table  1. 


England  and  Wales 


Occupations  at  Ages  10  years  and  upwards 

Persons 

Males 

Females 

Total 

Unmarried 

Married 

Widowed 

XII. — Building,  and  Works  of  Construc- 

tion. 

940,707 

946,127 

580 

48 

45 

487 

1.  House-  Building ,  <£c. 

1.  Builders 

39,998 

39,858 

140 

9 

10 

121 

2.  Builders'  Labourers 

66,026 

66,026 

... 

3.  Carpenters,  Joiners  ... 

209,051 

208,995 

56 

2 

... 

54 

5.  Bricklayers  ... 

102,756 

102,752 

4 

... 

V 

Table  12  omits  the  column  "  Persons  "3  but  is  otherwise  identical  in  form 
with  Table  1. 
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27.  A  casual  glance  at  the  tabulation  reveals  a 

Need  for  ° 

Sf«wm5-m  considerable  amount  of  duplication  and  the  use  of 
several  different  systems  of  age-groupings.  With 
regard  to  the  latter  point,  there  are  obvious  advantages,  both 
from  the  point  of  view  of  avoiding  duplication  and  of  com- 
parability, in  the  adoption  of  a  uniform  system  of  age-groups 
throughout.  It  is  not  suggested,  of  course,  that  the  information 
in  Table  14  (Occupations  of  persons  under  21  at  individual  ages) 
is  valueless,  but  it  seems  better  to  aim  at  a  compromise  and 
get  all  similar  information  together  in  one  table.  On  the  other 
hand,  while  persons  under  21  were  treated  in  such  detail,  persons 
aged  25  and  over  were  tabulated  in  decennial  groups  which 
unfortunately  ended  in  the  digit  "5."  The  important  ages 
from  the  point  of  view  of  retirement  and  old-age  pensions  were 
thus  concealed.  A  reasonable  standard  system  of  age-groups 
throughout  would  be  one  starting  at  14  (in  view  of  the  new 
Education  Act)  with  biennial  groups  to  20,  quinquennial  groups 
to  75,  and  one  group  for  75  and  over.  This  suggestion  could  be 
adopted  if  the  tables  were  printed  as  in  Vol.  X,  Part  2,  i.e., 
the  tabulation  running  from  left  to  right  instead  of  down  the 
page  in  the  normal  way.  Under  this  proposal  Table  14  would 
disappear. 

Duplication.  28.  With  regard  to  duplication  it  will  probably  be 

found  after  close  examination  that  much  of  it  is 
inevitable  in  view  of  the  difficulty  of  including  in  one  intelligible 
table  statistics  for  each  occupational  heading  showing  the  number 
of  persons  in  each  age-group  according  to  marital  condition,  with 
further  information  as  to  totals  in  the  various  sub-divisions  of 
economic  status.  It  is  theoretically  possible  to  combine  Tables 
1,  3,  7  and  8,  using  differential  type  for  marital  condition  as  in 
Table  8,  but  it  is  to  be  assumed  that  totals  in  each  age-group 
would  be  required  irrespective  of  marital  condition.  There  are 
in  addition  the  totals  in  age-groups  for  each  "  Order."  In  the 
result  there  would  be  four  or  perhaps  five  lands  of  type.  Clearly 
such  a  table  would  be  unsatisfactory,  the  conclusion  being  that 
the  relegation  of  marital  condition  to  a  separate  table  is 
justifiable.  Nevertheless  it  is  suggested  that  Tables  1  and  3 
and,  if  necessary,  the  corresponding  tables  for  London,  Lanca- 
shire and  Yorkshire  could  usefully  be  amalgamated  by  inserting 
three  extra  columns  for  "  Unmarried "  Married "  and 
"  Widowed  "  between  columns  (11)  and  (12)  of  Table  3.  (See 
specimen  of  tabulation).    Provision  will  also  have  to  be  made 
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in  the  coming  tabulation  for  columns  for  "  Unemployed  ",  but 
there  would  be  room  for  all  these  extra  columns  as  well  as  for 
those  required  in  connection  with  the  age-groups  proposed  in 
par.  27,  if,  as  there  suggested,  the  printing  were  carried  out  as  in 
Vol.  X,  Part  2.  Males  and  females  should  be  on  opposite  pages, 
and  there  would  then  be  room  for  the  complete  tabulation  of 
males  in  relation  to  marital  condition,  whereas  at  present  only 
Married  Men  are  separately  dealt  with  (Table  7). 

29.  It  is  a  matter  for  consideration  whether  the 

Marital 

Mai«tloas  of  tabulation  of  males  should  not  follow  that  of  females 
in  regard  to  marital  condition.  If  Table  7  is  compared 
with  Table  3  (all  males)  it  will  be  found  that  the  proportion  of 
married  men  varies  greatly  in  different  occupations,  and  no  doubt 
there  are  similar  variations  in  the  proportion  of  widowers.  More- 
over, there  are  certain  tendencies  in  industry  which  may  render  it 
of  importance  that  there  should  be  more  precise  information  as 
to  marital  condition  of  males  in  different  occupations.  Such 
problems  as  possible  pension  schemes  in  connection  with 
particular  occupational  groups,  e.g.,  trade  unions,  and  differential 
wage  schemes  such  as  certain  of  the  Dominions  are  experi- 
menting upon,  at  once  suggest  themselves.  On  all  these  grounds, 
therefore,  it  is  suggested  that  a  table  for  men  on  the  lines  of 
Table  8  for  women  should  be  furnished  in  lieu  of  Table  7  for 
married  men  only. 

The  following  table  may  be  of  interest  in  this  connection  : — 
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Makers  and 
Dealers. 


Below  age  25  the  variation  in  the  proportion  of  married 
men  is  very  marked,  those  occupations  where  the  maximum 
earning  power  is  reached  at  an  early  age  naturally  showing  a 
higher  proportion  of  married  men.  In  the  age-groups  35-45 
and  45-55  a  more  or  less  constant  proportion  is  shown  in  almost 
all  classes,  only  General  and  Agricultural  Labourers  falling 
markedly  below  the  general  average  for  the  country  as  a  whole. 
A  comparison  of  the  figures  given  at  the  older  ages  for  Coal 
AQners  with  those  for  Agricultural  Labourers  and  Local 
Government  Officers  would  appear  to  afford  some  support  for 
the  view  that  the  proportion  of  widowers  may  also  vary 
appreciably  with  the  occupation  and,  if  this  be  so,  added  force 
is  given  to  the  above  suggestion  for  the  detailed  tabulation  of 
males  in  relation  to  marital  condition. 

30.  In  connection  with  many  industrial  problems 
it  is  important  to  preserve  a  clear  distinction  between 

*'  makers  "  and  "  dealers."  In  the  1911  tabulation  there 
was  a  lack  of  uniformity  in  the  treatment  of  the  tabulation 
of  "  dealers."  In  some  Orders  "  dealers  "  are  treated  as  a 
separate  Sub-order  (e.g.,  Order  XVIII),  in  others  they  are 
included  under  different  headings  (e.g.,  Order  XIX).  It  seems 
desirable  that  "  dealers  "  should  be  brought  together  as  a  separate 
Sub-order  to  each  Order,  an  arrangement  which  will  be  found  to 
have  an  important  advantage  when  the  following  remarks  as  to 
the  tabulation  of  economic  status  have  been  considered. 

31.  As  remarked  previouslv  in  par.  26,  totals 

Economic  Status  x  *  x 

in  relation  orL[y  are  given  in  respect  of  each  occupational 
"  heading  "  for  Employers,  Working  for  Employers 
and  Working  on  Own  Account.  To  these  categories  we  must 
now  add  that  of  "  Unemployed  "  in  view  of  the  new  Schedule. 
There  can  be  no  doubt  that  the  age-distributions  of  these  classes 
are  quite  dissimilar,  and,  if  reference  is  made  to  par.  8  of  the 
Hardy  and  Wyatt  Report  in  connection  with,  the  National 
Health  Insurance  Bill  of  1911  (Cd.  5681),  it  will  be  found  that 
this  particular  information  was  required  and  that  an  estimate 
had  to  be  made  roughly  by  comparing  the  age-distribution  in 
certain  special  occupations,  where  the  majority  were  returned 
either  as  employers  or  working  on  own  account,  with  the  age- 
distribution  in  analogous  occupations  where  the  great  bulk  of 
those  enumerated  were  workers.  The  same  distribution  had 
to  be  assumed  for  those  who  were  employers  and  for  those 
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working  on  their  own  account.*  It  is  to  be  hoped,  therefore, 
that  this  important  defect  in  the  tabulation  will  be  remedied  in 
the  forthcoming  Census. 

32.  The  question,  however,  arises  as  to  what  should  be  the 
occupations  or  groups  of  occupations  for  which  this  tabulation 
of  status  by  ages  should  be  made.  "  Orders  "  are  clearly  too 
broad  a  grouping,  and  on  the  other  hand  it  would  lead  to  a 
bulky  table  if  the  tabulation  were  made  for  "  headings  "  as  in 
the  case  of  marital  condition.  A  reasonable  and  practicable 
compromise  would  be  to  tabulate  for  each  of  the  existing  78 
"  sub-orders  the  "  sub-orders  "  being  modified  as  previously 
suggested  in  connection  with  dealers.  It  would  evidently  be  of. 
great  use  to  have  the  age-distribution  of  dealers  separately 
according  to  economic  status.  The  information  suggested 
should  be  given  in  a  separate  table  rather  than  incorporated  in 
the  main  tables  by  means  of  differential  type. 

33.  It  may  be  noted  in  connection  with  this  part  of  the 
subject  that  in  certain  Orders,  e.g.,  Order  III  (Professional 
Occupations  and  their  Subordinate  Services)  and  Order  V  (Com- 
mercial Occupations),  no  particulars  as  to  status  are  given  at 
present,  but  this  will  no  doubt  receive  attention. 

The  suggested  tabulation  of  status  in  relation  to  age  will 

*  The  following-  is  an  illustration  of  the  method  understood  to  have  heen  used 
by  Sir  George  Hardy  and  Mr.  Wyatt.  Vol.  X,  Table  3,  p.  14,  of  the  1911 
Census  gives  the  following  data,  under  Order  VI,  for 

(1)  Livery  Stable  Keepers ;  Coach  and  Cab  Proprietors. 

(2)  Carmen,  Carriers,  Carters,  Wagoners  (not  Farm). 


Ages 

Employers 
.and  Working 
on  Own 
Account 

(B) 

Working 

for 
Employers 

(W) 

Others  or 

No 
Statement 

20- 

25- 

35- 

Total 

(1) 

(2) 

553 
37,720 

2,068 
89,695 

2,773 
67,185 

10,989 
278,443 

8,278 
19,803 

1,992 
249,477 

719 
9,163 

lieducing  the  age-distribution  figures  proportionately  to  eliminate  "  Others," 
we  may  write 

(1)  ...  +     517+  1,933+  2,592+  ...  =  10,270=  8,278E+  1,922W 

(2)  .  .  .  +36,479  +  86,743  +  64,974+  .  .  .  =269,280=  19,803E  +  249,477W 


(2)1  =  (2)x-^f^7  =  .  .  +  291  +  693  +  519+  ...  =  2,150=  158E  +  1,992W 
w     w  249,477 

(3)  =  (l)-(2)i 

226+  1,240+  2,073+  .  .  .  =    8,120=  8,120E 

(3)  gives  the  age-distribution  of  8,120  "  Employers  "  and  "  Working  on 
Own  Account." 
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throw  some  light,  if  only  of  a  momentary  character,  on  the 
debateable  question  as  to  the  relationship  (if  any)  of  unemploy- 
ment to  age. 

34.  In  anv  serious  examination  of  the  occupational 

Classification  J  A- 

&c.  "Retired"  tabulation,  attention  should  be  directed  to  the 
important  notes  before  Table  1,  in  which  it  is  stated 
that  persons  returned  as  "  Pensioners  "  or  "  Retired  "  from  any 
specified  profession  or  business  (except  Oflicers  of  the  Army  or 
Navy)  are  included  under  the  headings  "  Pensioners  "  or 
"  Retired  "  (Order  XXIII).  Inmates  of  Lunatic  Asylums  or  of 
Workhouses  where  returned  as  Insane  and  yet  described  by  their 
former  occupations  have,  irrespective  of  age,  been  classed  as 
"  Retired."  Other  Inmates  of  Workhouses  aged  60  years  and 
upwards  whose  former  occupations  were  returned  have  also  been 
classed  as  "  Retired."  The  note  proceeds  to  state,  somewhat 
humorously  perhaps,  that  other  Inmates  of  Institutions  and 
Prisoners  of  all  ages  have  been  classed  under  their  stated 
occupations  on  the  assumption  that  their  ordinary  work  has 
been  relinquished  for  a  time  only.  These  notes  are  obviously 
of  importance  in  relation  to  the  question  of  occupational 
mortality.  The  usual  Supplement  dealing  with  this  subject  in 
connection  with  the  1911  Census  has  not  yet  been  published. 

35.  The  former  occupations  of  "  Pensioners  "  and  "  Retired  " 
are  separately  tabulated  for  England  and  Wales  in  Table  17 
with  a  note  at  the  head  of  the  table  explaining  its  relationship 
to  Table  3.  It  seems  very  desirable  that  a  similar  note  should 
be  before  Table  3,  instead  of,  or  at  any  rate  as  well  as,  before 
Table  1.  The  age-distributions  and  former  occupations  of 
Paupers  and  Prisoners  are  given  separately  in  Tables  18  and  19 
and  here  again  a  note  before  Table  3  would  be  useful. 

36.  Despite  the  rather  discouraging  references  to 
StScTin6^   statistics  in  the  Report  of  the  recent  Departmental 

relation  to  _ 

2bnia8tion.       Committee  on  the  Employment  Exchanges  (Cmd. 

1054,  p.  16),  it  may  be  hoped  that  as  a  result  of  the 
operation  of  the  new  Unemployment  Insurance  Act  a  considerable 
volume  of  new  statistics  relating  to  unemployment  will 
presently  become  available,  and  it  is  earnestly  to  be 
desired  that,  in  the  collection  and  presentation  of  those 
statistics,  regard  will  be  had  to  the  treatment  of  occupations 
in  the  Census  tabulation,  even  if  it  should  be  necessary 
to  recast  the  latter.  Those  of  us  with  Army  experience 
will  recall  the  very  complete  handbook  of   occupations  and 
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their  code  numbers,  which  was  issued  in  connection  with  a 
certain  Army  Order,  and  in  which  occupations  were  grouped,  the 
group  and  code  number  being  endorsed  on  the  now  almost 
forgotten  Pay  Book  (A.B.  64)  for  Men  or  Eecord  of  Services 
Book  (A.B.  439)  for  Officers.  Some  of  us  indeed  will  recall  a 
severe  mental  struggle  as  to  whether  demobilisation  would  be 
more  rapid  under  Group  43  (which  included  Students)  or  under 
Group  41  (which  included  Actuaries).  It  does  seem  that  a 
similar  system  could  be  adopted  in  connection  with  the  Un- 
employment Book,  especially  as  co-ordination  of  the  returns  of 
the  Labour  Exchanges  with  those  of  the  1911  Census  appears 
to  have  been  achieved.  (See  Vol.  X,  p.  ix).  No  doubt  there 
are  difficulties  in  the  way,  as  there  are  in  the  way  of  every  piece 
of  co-ordination,  but  it  should  be  the  aim  of  enlightened 
administration  to  overcome  them  rather  than  to  add  to  the 
already  long  list  of  criticisms  of  official  statistics  from  the  point 
of  view  of  lack  of  co-ordination. 

37.  Before  concluding  this  lengthy  review  of 
and    Volume  X,  it  is  important  to  refer  to  Tables  28  and 

29,  which  give  full  particulars  as  to  the  allocation  to 
various  Industries  and  Services  of  the  persons  who  are  classified 
in  the  preceding  Occupation  tables.  It  is  probable  that  these 
tables  are  the  least  easy  to  appreciate  of  all  the  tables  in  the 
Census  volumes.  Table  28  in  particular  is  far  from  lucid  and 
the  explanatory  notes  that  precede  it  are  in  a  fcize  of  type  more 
appropriate  to  a  work  of  a  devotional  character.  Keference  is 
made  later,  however,  to  the  general  question  of  type.  This 
industrial  classification  is,  of  course,  of  economic  rather  than 
actuarial  interest,  but  it  is  of  the  utmost  importance  that  the 
distinction  between  it  and  the  classification  in  the  occupation 
tables  should  be  appreciated,  especially  as  the  notes  preceding 
the  latter  do  not  afford  sufficient  information  as  to  the  basis  of 
classification  nor  do  they  refer  to  the  industrial  classification  in 
Tables  28  and  29.  This  is  a  point  that  should  certainly  receive 
attention. 

38.  Theoretically,  the  classification  of  occupations 
ciSmcation  of  may  be  of  a  personal  or  industrial  character  and  for 
occupations.  compiete  treatment  would  require  a  very  extensive 
piece  of  cross-tabulation.  At  the  last  Census  an  experiment 
was  made  "  to  test  the  feasibility  of  introducing  a  consistently 
personal  classification  of  occupations,  which  should  tabulate  by 
the  nature  of  the  process  performed  by  the  individual  worker 
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those  sections  of  the  list  which  are  now  classified  only  according 
to  the  nature  of  the  product  or  the  material  worked  on  "  (Vol.  X, 
p.  viii).  This  was  found  to  be  impracticable  owing  to  the  incom- 
plete character  of  the  information  on  the  Schedules,  and  it  is 
stated  that  under  present  circumstances  "  any  logically  con- 
sistent tabulation  in  our  census  of  workers  by  personal  occupation 
is  unattainable  and  that  the  present  system  of  classification 
partly  by  occupation  and  partly  by  product  worked  on  must 
be  adhered  to  "  (pp,  viii  and  ix).  It  is  this  system  which  is 
adopted  in  the  Occupation  tables  of  Vol.  X.  Thus  it  is  stated 
in  a  note  preceding  the  Occupation  tables  that  "  clerks, 
messengers,  porters,  carmen  and  engine  drivers  or  stokers,  who 
are  engaged  in  occupations  which  are  of  very  similar  character 
in  the  many  industries  with  which  they  may  be  connected,  are 
classified  according  to  their  personal  occupations  ;  in  most 
other  cases  persons  are  classified  according  to  the  manufacture, 
trade  or  service  with  which  they  are  connected."  The  Kegistrar- 
General  goes  on  to  say  (p.  ix)  :  "  While  complete  tabulation  by 
personal  occupation  has  thus  proved,  for  the  present  at  least, 
impossible,  we  have  been  able  to  secure  consistently  industrial 
tabulation  by  classifying  the  persons  grouped  under  headings 
relating  to  personal  occupations  by  the  industry  or  service  with 
which  they  are  connected,  thus  ascertaining  the  total  numbers 
employed  in  various  industries  or  groups  of  industries  and 
services."  This  industrial  classification  is  shown  in  Tables  28 
and  29,  of  which  a  brief  account  is  given  in  the  following 
paragraph. 

Tables  28  and  29.       39.  Table  28  shows  the  building  up  of  the  number 
of  persons  in  an  Industry  or  Service  by  adding  to 
(I)  Persons  classified  to  the  Industry  or  Service  in  the 
Occupation  Tables 
a  group  of 

(II)  Additional  Workers. 
A  deduction  is  then  made  of  those  persons  under  (I)  who  are 
included  as  "  Additional  Workers  "  in  other  Industries  or 
Services.  Males  and  Females  are  dealt  with  separately.  The 
"  Additional  Workers  "  are  dealt  with  in  three  broad 
groups  : — 

Group  A — relating  to  persons  engaged  in  production,  repair 

and  maintenance,  &c. 
Group  C — relating  to  persons  engaged  in  domestic  offices  and 

services,  catering,  &c. 
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Group  B — relating  to  persons  engaged  in  occupations  other 
than  A  and  C,  e.g.,  commercial,  conveyance, 
professional,  &c. 
At  the  foot  of  each  page  of  the  table  is  an  analysis  under 
occupational  headings  of  what  are  presumably  important  items 
included  in  the  totals  in  the  upper  part  of  the  page.  No  clear 
explanation  is  given  of  this  subsidiary  table. 

In  Table  29  the  classes  (I)  and  (II)  above  are  separately 
redistributed  in  age-groups  under  the  appropriate  occupational 
headings,  and  in  addition  the  totals  for  each  heading  are  dis- 
tributed into  certain  broad  areas  which,  it  is  stated,  were 
adopted  after  consultation  with  the  Board  of  Trade.  Clearly 
the  age-distribution  of  (I)  is  given  in  the  preceding  Occupation 
tables,  and  to  that  extent  there  is  a  considerable  amount  of 
duplication.  But  if  the  full  details  for  each  heading  were  not 
given,  it  is  probable  that  the  economist  would  complain  of 
having  to  look  in  two  places  to  find  the  constitution  of  an 
Industry,  a  complaint  which  would  be  just  as  well  founded  as 
the  one  implied  in  connection  with  the  suggested  combination 
of  Tables  1  and  3  (par.  28).  The  conclusion  once  again  is  that 
the  duplication  in  these  particular  tables  is  more  or  less  un- 
avoidable, but  it  appears  to  be  a  more  legitimate  criticism  to 
question  the  necessity  for  printing  such  a  degree  of  detail.  The 
form  of  tabulation  is  necessarily  elaborate  and  the  printing 
must  be  a  very  costly  matter.  It  may  be  considered  sufficient 
to  print  a  summary  table  only  with  a  brief  account  of  the  methods 
employed,  giving  the  earnest  seeker  after  truth  the  right  to 
inspect  the  full  tabulation. 

40.    The  importance  of  the  industrial  classification 

Illustration  A  . 

in°dusfryilding    mav  be  illustrated  by  certain  statistics  relating  to  the 
Building  Industry,  in  which  the  problem  of  the 
admission  of  dilutees  is  one  of  current  interest. 

In  the  Occupation  tables  we  find  Order  XII,  BUILDING 
and  WORKS  of  CONSTRUCTION,  with  Sub-Orders  (1)  House 
Building,  &c. ;  (2)  Other  Works  of  Construction  and  Roads. 
Under  these  sub-orders  there  are  19  and  5  headings  respec- 
tively, the  19  headings  under  sub-order  1  including  such  typical 
headings  as  : 

1.  Builders. 

2.  Builders'  Labourers. 

3.  Carpenters,  Joiners. 

4.  Carpenters',  Joiners' — Labourers. 
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5.  Bricklayers. 

6.  Bricklayers'  Labourers. 

and  so  on. 

From  the  titles  of  OBDER  XII  and  Sub-Order  (1),  it  might 
at  first  sight  be  inferred  that  all  the  persons  classified  to  the 
heading  "  Bricklayers  for  example,  were  engaged  in  House 
Building,  but  we  read  on  p.  lxxxi  of  the  Introduction  to  Vol.  X 
that  "  The  872,963  males  classified  to  the  occupational  headings 
of  the  sub-order  "  House  Building,  &c.",  included  87,274  who 
were  returned  as  following  these  occupations  in  connection  with 
some  other  industry  or  service,  while  there  were,  on  the  other 
hand,  29,299  males  classified  to  various  other  occupational 
headings  but  returned  as  being  employed  in  connection  with 
building  trades."  These  29,299  additional  males  included  the 
workers  given  in  the  following  table  : — 


ORDER 

Sub- 
Order 

Heading 

Description 

Number  of 
Additional 
Male 
Workers 

VI 

2 

6,  7 

Carmen,  Motor  Van  Drivers,  &c. 

11,544 

V 

2 

1 

Commercial  Clerks 

9,002 

VI 

5 

3 

Messengers,  Porters,  Watchmen 

2,218 

XIII 

2 

I 

Sawyers,  Wood  Cutting  Machinists 

1,787 

XXII 

5 

2 

Engine  Drivers,  Stokers,  Firemen 

1,002 

(not  railway)  ... 

X 

3 

5 

Blacksmiths,  Strikers 

737 

In  the  following  table  a  comparison  is  made,  for  the  more 
important  trades,  of  the  number  of  men  working  at  building 
trades  in  connection  with  other  industries  or  services  with  the 
number  classified  to  those  trades  in  the  Occupation  Tables. 
The  figures  in  cols.  (1)  and  (2)  of  the  table  were  extracted  from 
Table  29  (Vol.  X,  Pt.  1,  p.  722).  The  actual  numbers  of  persons 
in  the  various  trades  employed  in  the  House  Building,  &c, 
Industry  are,  of  course,  the  differences  between  the  numbers 
shown  in  cols.  (1)  and  (2). 
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Census  of  England  and  Wales,  1911. 
House  Building,  &c,  Industry.    Males  only. 


ORDER 
XII,  Sub- 
Order  1. 
Number  of 
Heading 

Description  of  Occupational  Heading 

(I)  Number 
classified  to 
Industry  in 
Occupation 
Tables. 
(ORDERXII) 

(1) 

Number  of 
(I)  included 
as  Additional 
Workers  in 
other 
Industries  or 
Services 

(2) 

(2)  as  a 
percentage 
of  (1) 

(3) 

1-19 

ALL 

872,963 

87,274 

10-0 

3 
4 

5 
6 
7 
8 
13 
17 
18 

Carpenters,  Joiners 
Carpenters ' ,  Join  ers ' — 

Labourers 
Bricklayers  ... 
Bricklayers'  Labourers 
Masons 

Masons'  Labourers  ... 
Painters,  Decorators 
Plumbers 
Gasfitters 

208,995 

5,371 
102,752 
69,809 
47,063 
15,950 
181,613 
64,968 
17,116 

30,736 

1,683 
12,396 
5,309 
4,581 
1,405 
9,617 
8,466 
9,803 

14-7 

31-3 
121 

7-  6 
9-7 

8-  8 
5-3 

130 
57-3 

Taking  the  17,705  bricklayers  and  their  labourers  shown  in 
col.  (2)  as  an  example,  this  figure  included 

3,016  in  connection  with  iron  and  steel  manufacture, 

2,996  in  connection  with  coal  mining, 

2,544  in  railway  companies'  service, 

1,830  in  the  various  services  of  Local  Authorities, 

and 

788  in  iron  founding,  boiler  making  and  general  engineering 
and  machine  making  works. 
It  is  at  once  seen  that  the  statistics  given  in  the  Occupation 
tables  are  inevitably  a  very  unsafe  guide  as  to  the  number  of 
persons  in  a  given  occupation  engaged  in  a  particular  industry, 
however  essential  to,  or  characteristic  of,  that  industry  the 
occupation  in  question  may  be.  If  such  information  is  required, 
reference  must  be  made  to  Tables  28  and  29. 
Vol  XI  41.  Vol.  XI. — Infirmities. — The  statistics  as  to  the 

Totally  Blind,  Totally  Deaf,  Deaf  and  Dumb,  Lunatic, 
Imbecile  and  Feeble-minded  have  long  been  considered  to  be 
unreliable  and  the  question  upon  which  they  are  based  is  being 
dropped  in  the  forthcoming  Census.  It  need  only  be  said  that 
Ages,  Conditions  as  to  Marriage  and  Occupations  were 
tabulated  for  England  and  Wales,  and  totals  only  of  males  and 
females  in  the  case  of  certain  administrative  areas. 
Vol  ^  42.  Vol.  XII. — Language  spoken  in  Wales  and 

Monmouthshire. — The  numbers  of  males  and  females 
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aged  3  and  upwards  returned  as  speaking  English  only,  Welsh 
only,  both  English  and  Welsh,  or  other  Languages  are  tabulated 
for  each  Administrative  County.  Urban  District  and  Rural 
District  for  the  following  age-groups  : — 

3-5,  5-10,  10-15,  15-25,  25-45,  45-65,  65  and  over, 
voi  xm  43.  Vol.  XII L  Pt.  1.— Fertility  of  Marriage  — 

p*rtl-  '  This  Volume  is  chiefly  occupied  by  Table  1  (333 
pages)  which  gives  for  each  duration  of  marriage,  and  each  age 
of  husband  and  wife  at  the  Census,  the  number  of  couples,  the 
number  of  children  born  and  the  number  of  children  dead. 
The  table,  of  course,  relates  to  England  and  Wales  only.  Table  9 
is  of  definite  actuarial  interest  as  it  gives  relative  ages  of  husbands 
and  wives  irrespective  of  duration  of  marriage,  together  with 
the  age-distributions  of  widows  and  widowers.  Table  6  affords 
similar  statistics  for  marriages  of  completed  fertility."  There 
is  a  considerable  amount  of  more  elaborate  tabulation. 

44.  The  promised  Part  2  in  which  the  data  are  to  be  examined 
in  relation  to  occupation,  birthplace,  number  of  rooms  occupied 
and  locality  has  not  yet  appeared,  but  Dr.  Stevenson  has  delivered 
a  paper  before  the  Royal  Statistical  Society  entitled  The 
Fertility  of  Various  Social  Classes  in  England  and  Wales  from 
the  middle  of  the  Nineteenth  Century  to  1911  "  (J.R.S.S., 
Vol.  LXXXIII,  p.  401)  in  which  the  data  are  closely  examined. 
It  would  appear,  however,  that  the  possibilities  of  the  data  from 
an  actuarial  standpoint  have  not  yet  been  fully  explored. 
Reference  may  also  be  made  to  a  treatment  of  the  corresponding 
Scottish  data  by  the  methods  of  multiple  correlation,  a  description 
of  which  is  given  in  Volume  III  of  the  Report  on  the  Scottish 
Census. 

45.  General  Remarks  on  the  1911  Tabulation. — 
The  most  obvious  defect  in  this  tremendous  piece 
of  tabulation  is  the  lack  of  a  general  index.  It  is  conceivable 
for  example  that  it  might  be  desired  to  know  quickly  what  is 
tabulated  about  the  inmates  of  workhouses,  or,  in  the  more 
precise  phraseology  of  the  Census,  "  Pauper  Inmates  of  Work- 
house Establishments."  Unless  the  enquirer  is  really  familiar 
with  the  volumes,  it  would  take  some  little  time  to  find  out 
that  particulars  are  given  in  Volume  I,  Tables  16/17,  Volume  VII, 
Table  14  and  Volume  X,  Part  I,  Table  18.  This  scattering  of 
information  is,  of  course,  inevitable.  The  only  indexes  are 
Vol.  V,  to  which  reference  has  been  made  in  par.  10.  relating  to 
the  areas  for  which  tabulation  is  made  in  Vols.  I-IV,  and  Table  2, 
vol.  lii.  2  D 
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Vol.  X  which  is  an  alphabetical  list  of  the  occupational  headings 
adopted  in  the  tabulation.  There  is  thus  no  means  of  finding 
out  without  a  close  scrutiny  what  is  tabulated  on  any  given 
subject.  There  is  at  the  beginning  of  each  volume  a  "  Table  of 
Contents  "  which  sets  out  in  numerical  order  the  headings  of 
the  various  tables  without  the  use  of  differential  print,  but  this 
is  clearly  inadequate.  A  further  general  index  to  the  valuable 
remarks  of  the  Eegistrar-General  in  the  General  Keport  and  in 
the  Introductions  to  the  various  volumes  is  also  required,  and 
in  view  of  the  fact  that  publication  of  the  volumes  is  spread 
over  several  years  an  index  in  each  volume  to  the  introduction 
and  tables  does  not  seem  a  very  unreasonable  demand.  The 
index  to  any  volume  might  be  a  consolidated  index  for  that 
volume  and  previously  issued  volumes. 

Headings  46.  A  close  examination  of  the  headings  to  the 

prmtmg,  &c.  tables  shows  that  they  are,  almost  without  exception, 
accurate  and  adequate,  though  in  places  perhaps  a  little  pedantic. 
It  is,  however,  submitted  that  the  style  of  type  adopted  leaves 
much  to  be  desired.  There  is  indeed  about  the  headings  a 
dignity,  a  freedom  from  ostentation,  accompanied  by  a  difficulty 
of  ready  comparison,  that  one  feels  has  descended  to  us  from  the 
earliest  days  of  the  Census.  There  can  be  no  doubt  that  a  much 
more  judicious  use  of  type  has  been  made  in  the  Scottish  Volumes. 
This  may  be  partly  due  to  a  less  ambitious  tabulation  and  to 
the  policy  of  relegation  of  detail  to  County  Volumes.  Where, 
indeed,  as  in  the  Occupation  Tables  in  the  Scottish  County 
Volumes,  compression  has  been  attempted  by  putting  Males  and 
Females  on  the  same  page,  the  tabulation  is  not  particularly 
effective.  However  that  may  be,  the  Scottish  tabulation  is 
undoubtedly  more  attractive  as  a  whole,  and  it  would  distinctly 
relieve  the  over-burdened  table  headings  if,  as  in  the  Scottish 
Census,  instead  of  printing  "  Census  of  England  and  Wales 
1911  "  at  the  head  of  each  page  in  each  volume,  the  heads  of 
alternate  pages  at  any  rate  were  utilized  to  indicate,  in  a  word 
or  so,  the  subject  of  the  tabulation  in  that  opening.  It  is 
perhaps  not  too  great  a  strain  on  the  imagination  to  leave  out 
the  heading  referred  to,  say,  on  every  other  page. 

47.  One  other  printing  defect  may  be  mentioned,  that  is, 
the  practice,  to  which  reference  has  already  been  made,  of 
printing  the  very  necessary  notes  on  the  tables  in  almost 
microscopic  type.  Important  notes  should  be  in  print  of  such  a 
size  and  character  that  nobody,  not  even  the  most  energetic 
reformer,  could  possibly  miss  them.    It  seems  beside  the  point 
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to  consider  saving  a  few  inches  of  space  in  connection  with  a 
tabulation  extending  over  several  thousand  pages. 

48.  Further  minor  suggestions  are  that  all  volumes  should 
be  numbered,  i.e.,  including  the  Summary  Volume  and  the 
General  Report,  and  that  some  definite  indication  that  they  are 
so  included  should  be  given  at  the  head  of  tables  which  are 
embodied  in  the  Summary  Volume.  The  Summary  Volume  is  of 
great  interest  in  that  it  brings  together  in  one  volume  all  the 
tables  relating  to  England  and  Wales.  It  does  not  appear  that 
there  is  the  same  case  for  including  in  the  volume  in  question 
further  tabulation  in  relation  to  administrative  and  other  areas, 
but,  if  this  is  deemed  to  be  essential,  a  volume  relating  to 
England  and  Wales  only  would  appear  to  have  at  least  as  much 
justification  as  a  County  Volume. 

Duplication.  ^9.  There  is  undoubtedly  a  considerable  amount 

of  overlapping  and  duplication  of  statistics  in  the 
Census  Volumes,  arising  partly  from  the  complexity  of  local 
government  areas,  partly  from  the  number  of  attributes  in 
respect  of  which  tabulation  has  to  be  made.  It  will  be  found, 
however,  that  a  large  proportion  of  this  duplication  is  un- 
avoidable, and  that,  while  differences  of  opinion  must  exist  as 
to  the  best  way  in  which  duplication  can  be  minimized,  the 
compromises  made  in  the  tabulation  are  in  most  cases  eminently 
reasonable. 

50.  But  when  all  has  been  said  the  fact  remains 
that  a  close  perusal  of  this  very  large  piece  of 
tabulation  gives  the  impression  of  an  undertaking  finely 
carried  out  by  people  who  have  evidently  given  very  close 
consideration  as  to  what  shall  be  tabulated  and  who  have 
clearly  taken  extraordinary  pains  to  do  their  work  as 
thoroughly  as  possible.  This  is  possibly  not  in  accordance 
with  the  somewhat  vague  idea  that  is  prevalent  that  in  some 
respect  or  other,  not  very  precisely  denned,  the  presentation  of 
the  results  of  the  Census  is  defective  or  perhaps  that  a  good  deal 
more  could  be  tabulated  on  the  basis  of  the  existing  House- 
holder's Schedule.  But  it  is  submitted  that  the  view  put 
forward  is  not  remarkable.  When  a  piece  of  work  has  been 
done  a  considerable  number  of  times  extending  over  120  years, 
and  has  been  in  charge  of  a  series  of  extremely  able  Registrars- 
General,  at  least  one  of  whom  contributed  to  the  development  of 
our  methods  of  dealing  with  population  statistics,  it  is  only 
reasonable  to  expect  that  a  tradition  and  technique  would  grow 
up.    If  certain  points  of  view,  such  as  the  actuarial,  have  been 
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overlooked,  more  especially,  it  must  be  insisted,  in  the  House- 
holder's Schedule,  the  omissions  need  not  necessarily  be  ascribed 
to  "  official  inertia  ",  but  rather  to  a  Victorian  tradition  that 
the  less  the  State  interfered  in  matters  the  better  for  all 
concerned,  with  its  natural  consequence  of  a  slow  development 
of  public  opinion  in  matters  that  affect  the  actuary  and  the 
statistician. 

(iii)  Tabulation  of  New  Data  as  to  Orphanhood  and 
Dependency. 

orphanhood.  51.  The  information  that  will  be  available  for 

each  child  under  15  will  be  whether,  Both  parents 
alive,  Father  dead,  Mother  dead,  or  Both  parents  dead.  It 
will,  of  course,  be  impossible  to  deal  with  orphan  children  from 
the  point  of  view  of  recording  particulars  of  complete  families, 
as  all  such  children  in  each  family  will  not  necessarily  be  included 
in  the  same  Householder's  Schedule.  It  appears,  therefore, 
that  the  only  tabulation  that  can  usefully  be  made  is  one 
showing  the  total  number  of  children  in  each  of  the  above  classes 
for  each  age  from  0  to  14.  Tabulation  will  presumably  be 
made  for  England  and  Wales  and  for  the  administrative  areas 
for  which  condition  as  to  marriage  is  tabulated.  The  form  of 
tabulation  is  obvious. 

Dependency.  52.  The  new  particular s  in  regard  to  dependency 

are  also  of  great  interest  to  the  actuary  in  view 
of  their  importance  in  relation  to  pension  and  other  cognate 
problems.  In  the  treatment  by  the  collective  method  of  such 
problems  as  the  insuring  of  an  allowance  to  a  widow  and 
children,  we  require  to  know,  in  addition  to  the  data 
that  the  last  Census  provided  as  to  proportion  of  married 
men  at  each  age  and  relative  ages  of  husbands  and  wives, 
the  average  number  of  children  of  each  age  in  relation 
to  the  age  of  father  (married  men  and  widowers  being 
separately  dealt  with)  and  similar  information  for  widows. 
In  the  case  of  a  non-insurance  scheme,  the  annual  cost  of  pro- 
viding a  widow  with  an  allowance  for  each  of  her  children  could, 
of  course,  be  obtained  from  a  mere  tabulation  of  numbers  without 
reference  to  ages,  unless  such  elements  as  the  duration  of  pension 
entered  into  the  problem.  For  example,  the  widow's  own 
allowance  might  cease  when  the  youngest  child  reached  age  16, 
in  which  case  some  knowledge  of  the  ages  of  the  children  would 
be  necessary.  Again,  if  the  pension  varied  according  to  the  size 
of  family  a  tabulation  according  to  size  of  family  would  be 
required.    A  further  possibility  is  the  amendment  of  the  law 
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relating  to  Workmen's  Compensation  by  the  substitution  of 
pensions  for  lump  sums  in  cases  of  fatal  accidents.  The 
Departmental  Committee  on  Workmen's  Compensation  recom- 
mends in  pars.  56,  57  and  58  of  their  Report  (Cmd.  816)  that 
when  the  total  dependants  of  a  deceased  workman  include  a 
widow  and  children,  the  widow's  compensation  should  be  a 
lump  sum,  but  that  compensation  to  children  under  the  age  of 
15  should  take  the  form  of  individual  weekly  allowances.  It  is 
proposed  that  the  liability  in  respect  of  children  should  be 
dealt  with  through  a  central  fund  to  which  a  capital  payment  of 
£500  should  be  paid  in  respect  of  each  death  where  a  family  is 
left,  regardless  of  the  number  of  children  in  the  family.  It  is 
suggested  that  the  capital  payment  should  be  revised  triennially. 
It  is  clear  that  an  analysis  of  the  new  data  as  to  dependency  in 
regard  to  the  occupation  of  the  father  would  be  of  the  greatest 
value  in  connection  with  the  working  of  the  suggested  central 
fund,  and  in  the  assessment  of  the  premium  required  to  cover 
the  employer's  liability  for  the  capital  payment, 
suggested  53-  The  data  available  will  be  the  number  and  ages 

of  all  children  and  step-children  under  16,  in  respect  of 
each  married  man,  widower  or  widow,*  and  it  appears  that  the 


*  The  following  extract  from  the  Provisional  Census  Regulations  shows  the 
form  in  which  the  question  will  be  asked  : — 


Information  required  only  in  respect  of  Married  Men, 
Widowers  and  Widows. 

NAME 

ASD 

SURNAME. 

Numher  and  ages  of  all  living  children  and  step  children 
under  16  years  of  age,  whether  enumerated  on  this 
Schedule  or  not,  i.e.,  whether  residing  as  members  of 
this  household  or  elsewhere. 

Total 

number    '       _                               _  .    .  , 
under           r or  each  child  place  a  X  in  the  column 
sixteen                     corresponding  to  its  age. 
years  of 

age.      ;    The  number  of  crosses  should  be  the  same 
If  none            as  the  number  shown  in  Column  (ri). 
write 
"  None."  i 

(n) 

(P) 

Under 

Agk  last  Birthday. 

One 

1 

2    3  4 

» 

•5  1  7  |  8 

9 

10 

11 

12  13 

14 

15 

- 
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following  tables  should  be  prepared  for  England  and  Wales  : — 

(a)  For  the  married  men  of  each  age  there  should  be  shown 

the  total  numbers  having  0,  1,  2,  children  respectively 

under  age  16,  and  for  each  size  of  "  family  "  there  should  be 
given  the  total  numbers  of  children  of  each  age,  and  also  of 
the  youngest  children  of  each  age.  Similar  tables  should  be 
prepared  for  widowers  and  widows. 

(6)  The  age  of  the  wife  has  an  important  bearing  on  the 
problems  mentioned  above,  and  it  is  therefore  suggested  that, 
where  husband  and  wife  can  be  identified  on  the  same  schedule, 
the  above  particulars  as  to  dependent  children  should  be  further 
tabulated  in  relation  to  the  ages  of  husband  and  wife  jointly. 
In  order  to  reduce  the  number  of  tables  it  would  be  sufficient  if 
this  tabulation  were  made  for  quinquennial  age-groups. 

(c)  Where  husband  and  wife  can  be  identified  on  the  same 
Schedule,  it  would  be  of  great  value  if  the  data  could  be  tabulated 
in  relation  to  the  ages  of  the  mothers,  in  the  same  way  as  is 
suggested  in  (a)  above  for  married  men. 

The  following  form,  with  appropriate  variations  in  the 
heading,  indicates  the  tabulation  suggested  under  (a),  (b)  and  (c) 
above. 


Age  of 


Number  of 
Children 
under  16 
years  of 
age 

Number  of 
Families 

Number  of  Youngest 
Children  aged 

Number  of  Children 
aged 

Total 
number  of 
Children 

0  1 

15 

0 

1 

1  15 

0 
1 

2 
3 
4 
5 
6 
7 
8 
9 

10  or 
over. 

• 

Total 

I 

(d)  There  is  further  the  problem  of  dependency  in  relation 
to  occupation.  It  is  suggested  that  it  is  unnecessary  to  consider 
the  age-distribution  of  the  children  in  this  connection  as  it  is 
unlikely  that  this  will  vary  for  different  occupations  where  a 
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father  of  given  age  has  a  family  of  a  given  size.  It  would 
therefore  appear  to  be  sufficient  to  prepare  tables  for  certain 
occupational  groups  showing  the  number  of  "  families  "  of  each  size 
according  to  the  age  of  the  father  (in  the  case  of  married  men). 
Probably  "sub-orders  especially  if  modified  as  suggested  in 
par.  30,  would  be  the  most  suitable  basis  for  the  occupational 
grouping. 

54.  In  this  connection  reference  may  be  made  to 
o/hnibanT5     the  subject  of  relative  ages  of  husbands  and  wives. 

At  the  1911  Census  this  information  was  tabulated 
in  Table  9  of  Volume  XIII,  Pt,  1,  which  dealt  with  Fertility. 
The  question  relating  to  Fertility  has,  as  explained  above,  been 
taken  out  of  the  schedule,  but  it  is  of  course  very  essential  that 
the  relative  ages  of  husbands  and  wives  by  individual  ages 
should  still  be  tabulated  where  they  can  be  identified  on  the  same 
schedule.  An  important  question  arises  as  to  these  relative 
ages  in  relation  to  occupation,  and  it  would  be  of  great  interest 
if  an  experimental  tabulation  were  made  for  a  few  selected 
homogeneous  occupational  headings,  in  addition  to  the  tabulation 
for  England  and  Wales  as  a  whole. 

Conclusion. 

55.  It  is  not  of  course  claimed  that  the  foregoing  remarks 
exhaust  the  subject  of  the  tabulation  of  the  Census  statistics 
for  England  and  Wales.  The  paper  is  submitted,  as  explained 
at  the  outset,  as  a  basis  for  discussion  for  the  purpose  of 
eliciting  actuarial  opinion  on  the  general  subject,  and  on  the 
special  subject,  which  is  of  course  of  direct  interest  to  the  actuary, 
of  the  tabulation  of  the  new  data  in  relation  to  orphanhood 
and  dependency.  On  the  general  question  it  should  be  explained 
perhaps  that  the  subject  was  originally  approached  with  the 
traditional  prejudice  appropriate  to  any  examination  of  official 
statistics,  and  without  any  particular  reverence  for  existing 
institutions.  As  will  be  seen,  the  conclusion  arrived  at  is  that 
the  tabulation  has  been  carried  out  in  a  thorough  and  painstaking 
manner,  and  that  with  slight  exceptions  the  most  has  been  made 
of  the  data  provided  by  the  Householder's  Schedule.  The 
subject,  for  example,  of  the  improvement  or  modification  of  the 
precise  form  in  which  the  questions  have  been  put  in  the  past 
has  not  been  touched  upon,  the  object  having  been  to  take  the 
Schedule  as  it  was  in  1911  and  to  see  whether  the  tabulation 
based  upon  it  could  be  criticized  rather  than  to  explore  the  whole 
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subject  of  census  taking.  It  is,  of  course,  very  desirable  that 
the  tabulation  for  Scotland  and  Ireland  should  be  co-ordinated 
as  far  as  possible  with  that  for  England  and  Wales.  A  full 
discussion  of  this  point,  however,  would  require  some  account 
of  the  volumes  relating  to  Scotland  and  Ireland,  and  would 
involve  a  considerable  addition  to  a  somewhat  lengthy  paper. 
It  was  accordingly  decided  not  to  deal  with  this  subject.  It  is 
hoped  that  a  due  proportion  of  any  dullness  in  the  mode  of 
treatment  of  the  subject  of  tabulation  will  be  ascribed  to  the 
subject  itself. 


Abstract  of  the  Discussion. 

Mr.  S.  J.  GUNNINGHAM  said  that  questions  relating  to  the 
Census  had  been  considered  by  the  Institute  on  two  or  three  previous 
occasions — although  naturally  at  rather  long  intervals  since  the 
Census  occurred  only  every  ten  years — and  it  might  not  be  out  of 
place  to  note  that  three  at  least  of  the  suggestions  made  in  Sir  Gerald 
Ryan's  paper  had  been  adopted,  namely,  the  publication  of  ages  in 
detail,  the  permanent  provision  for  the  Census,  and  (not  the  least 
important)  the  provision  of  tabulating  machinery  for  getting  out 
the  results. 

With  regard  to  the  Householder's  Schedule  he  thought  that  the 
employment  question  was  one  of  the  least  likely  to  be  satisfactorily 
answered,  because  it  might  be  regarded  as  being  of  a  somewhat 
inquisitorial  nature.  The  fertility  question  had  disappeared,  but 
in  its  place  there  was  a  question  designed  to  bring  out  the  number  of 
children  under  sixteen  years  of  age,  and  the  number  of  parents  living. 
Passing  to  the  volumes,  he  believed  that — speaking  generally — 
actuaries  were  not  interested  in  the  first  four  volumes.  With  regard 
to  the  Parliamentary  areas,  the  author  had  perhaps  forgotten  the 
effect  of  the  new  Representation  of  the  People  Act.  On  reference 
to  the  schedule  to  that  Act  it  would  be  found  that  the  Parliamentary 
areas  for  the  boroughs  were  based  in  every  case  on  wards,  which  were 
administrative  areas,  but  the  Parliamentary  area  for  the  county  was 
■based  on  parishes,  and  in  several  cases  the  Rural  District  Council 
was  divided,  one  part  going  into  one  Parliamentary  area  and  another 
part  into  another.  That  made  a  distinction  between  Registration 
and  Parliamentary  areas.  Nor  was  any  provision  made  in  the  Act 
for  keeping  abreast  of  alterations  which  might  subsequently  be  made 
in  administrative  areas,  and  perhaps  it  would  have  been  well  if 
some  provision  had  been  made  for  that.  The  volumes  dealing  with 
buildings  of  various  kinds  were,  perhaps,  the  least  interesting  to  most 
people,  and  yet  had  the  information  been  given  in  a  somewhat 
fuller  form  in  the  introduction  to  the  volume  it  might  have  served  a 
more  useful  purpose.  In  the  introduction  to  that  volume  was  a 
table  giving  the  number  of  houses,  and  also  the  number  of  houses 
building  at  the  particular  moment  when  the  Census  was  taken 
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General  view  of  the  tabulation,  showing  the  more  important  tables. 

Administrative -England  ami  Wales.  A.lmim-ti  itiv.  Counties,  County,  Municipal  and  Metropolitan  Boroughs,  Urban  and  Rural  Districts,  Parishes  and  Wards,  and  certain  aggregates  of  these 

Registration  =  Registration  Counties,  Districts,  or  Counties  and  Districts. 

Judicial     Petty  Sessional  Divisions.  Borough*  having  separate  ( \>tiinii>-i. ms  of  the  Peace  and  Cniintx  Court  Circuits  and  Districts. 
E.  A  W.,  &c.  —Separate  tables  for  England  and  Wales,  London.  Lancashire  and  Yorkshire.  * 

In  Cols.  (6)-(10)  a  cross  ( x  )  deputes  the  tabulation  of  the  information  indicated  in  the  column  heading. 


Inform 

Special  Classes 

Type  of 

Pore 

Vol. 

General  Subject 

(if  any) 

Toole  No. 
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oilier  Informatloii 
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What  one  would  like  to  have  would  be  the  number  of  houses  built 
during  the  preceding  decennium.  Every  local  authority  had  to  pass 
plans,  and  presumably  had  some  record,  and  it  should  not  be  a 
very  difficult  matter  for  those  records  to  be  collected.  For  the 
condemned  houses  it  would  only  be  necessary  to  apply  to  the  large 
towns  for  the  numbers.  He  thought  if  that  were  done,  and  some 
correction  applied  for  any  variation  in  distribution  of  ages  at 
marriage,  a  fairly  reasonable  estimate  might  be  made  of  the  number 
of  houses  required.  He  supposed  few  would  imagine  that  a  million 
new  houses  were  required,  or  possibly  even  500,000.  In  Vol.  vii, 
the  first  volume  which  actuaries  were  keenly  interested  in,  was 
given  the  age-by-age  distribution  of  marriages,  male  and  female  ; 
that  was  done  for  the  first  time  in  1911,  and  one  or  two  questions 
arose  which  for  want  of  further  information  it  was  not  possible  to 
answer.  One  was  the  distribution  of  the  numbers  living  in  the 
female  table,  ages  20  to  30.  Two  suggestions  had  been  made  to 
account  for  that — one,  migration  into  this  country  from  Scotland 
and  Ireland,  and  the  other  incorrect  statement  of  age.  In  1914, 
the  Royal  Commission  on  the  Resources  of  the  British  Dominions 
when  investigating  the  question  of  how  many  females  of  a  marriage- 
able age  were  available  for  emigration  from  the  country,  in  view  of 
the  deficiency  of  females  in  the  Colonies,  assumed  that  the  abnormal 
distribution  at  ages  20  to  30  was  due  to  migration.  It  seemed  to 
him  that  in  the  present  Census  it  would  be  possible  to  go  some  way 
towards  determining  whether  the  distribution  was  due  to  migration 
or  understatement  of  age,  or  to  both. 

The  question  of  fertility  had  been  treated  at  some  length  recently. 
The  Scottish  authorities  published  for  numbers  of  families  the  age 
of  the  wife  and  husband  at  marriage  and  the  duration  of  the  marriage, 
but  were  unable  to  publish  the  number  of  children  born,  owing  to 
tabulation  difficulties.  The  English  authorities  gav#e  the  number  of 
married  couples,  the  number  of  children  born  and  the  number  of 
children  dead,  according  to  ages  of  wife  and  husband  and  duration 
of  marriage.  In  considering  mortality,  one  did  not  think  of  the 
number  of  persons  alive  ten  years  ago  and  the  corresponding  number 
alive  at  present,  but  rather  of  the  rate  of  mortality.  The  corresponding 
function  for  fertility,  he  thought,  would  be  the  issue  rate.  In  1911 
the  duration  of  marriage  was  given,  and  for  that  year  at  all  events 
it  should  have  been  possible  to  calculate  the  issue  rate.  For 
the  present  Census  it  could  not  be  done,  because  the  duration  of 
marriage  was  not  one  of  the  questions  on  the  schedule.  Had  that 
question  been  asked  in  addition,  the  issue  rate  would  have  been 
obtained  this  year  and  could  have  been  compared  with  that  of  ten 
years  ago.  In  connection  with  the  duration  of  marriage  (English 
figures),  out  of  the  total  of  about  6,000,000  marriages  the  duration 
under  one  year  was  considerably  less  than  the  duration  between 
one  or  two,  and  the  duration  between  ten  and  eleven  more  than  the 
duration  on  either  side.  A  similar  feature  occurred  in  the  age 
statistics. 

Mr.  E.  H.  BROWX  agreed  with  the  author's  conclusion  that  the 
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tabulation  had  been  carried  out  in  a  very  thorough,  manner,  and  that, 
with  slight  exceptions,  the  most  had  been  made  of  the  data  afforded 
by  the  Householder's  Schedule.  During  the  past  year  he  had  been 
engaged  in  tabulating  new  business  by  means  of  the  Power's  cards, 
and  in  dealing  with  occupations  he  had  found  it  necessary  to  decide 
on  some  method  of  grouping  that  would  give  the  best  results  and 
yet  be  easy  to  work.  The  23  orders  into  which  the  population  was 
divided  in  the  Census  return  appeared  to  be  the  most  suitable,  as 
he  had  the  advantage  of  the  index  of  occupations  to  guide  him  in 
the  classification.  So  thoroughly  had  that  index  been  prepared 
that  he  had  only  about  160  queries,  which  was  little  more  than 
1  per-cent  of  the  total  number  dealt  with.  Another  advantage  of 
the  Census  classification  was  the  limitation  of  the  number  of  the 
orders  to  less  than  29,  which  was  the  largest  number  of  groups  that 
could  easily  be  recorded  in  one  column  of  the  Power's  card.  As 
there  was  room  on  the  card  for  six  additional  orders,  he  would  venture 
to  suggest  a  slight  re -arrangement  in  the  tabulation.  Orders  6 
and  20  dealt  with  about  1,400,000  persons  each,  and  he  would 
suggest  that  Order  6  should  be  divided  into  three  new  orders- 
mechanical  transport  on  railways  and  on  roads,  horse  transport  and 
water  transport.  He  thought  it  would  be  found  that  those  three 
orders  would  experience  light,  normal  and  heavy  mortality  respec- 
tively. In  a  similar  manner  he  hoped  that  Order  20  could  be  split 
into  two  new  orders  by  separating  the  makers  of  and  dealers  in 
spirituous  drinks  from  dealers  in  food  and  tobacco.  If  that  could 
be  done  there  would  be  then  26  orders,  of  which  six  would  be  subject 
to  light  mortality,  four  to  heavy  mortality  and  the  remainder  to< 
normal  mortality.  He  might  explain  that  he  had  taken  light 
mortality  to  be  a  rate  not  greater  than  80  per-cent  of  the  mean 
death  rate  for  all  occupations,  and  heavy  mortality  a  rate  at  least 
20  per-cent  greater. 

The  new  method  of  asking  for  age  in  years  and  months  was  to 
his  mind  a  step  in  the  right  direction  and  should  have  the  effect  of 
correcting  the  tendency  to  the  use  of  numbers  ending  in  0  and  5  in 
giving  the  "  age  last  birthday  ",  but  there  could  be  no  doubt  that 
sooner  or  later  the  question  would  be  recast  so  as  to  ask  for  the  year 
and  month  of  birth. 

The  author  gave  the  welcome  information  that  the  question  as 
to  infirmity  was  to  be  omitted  in  the  coming  Census.  He  thought 
that  the  Institute  could  claim  some  of  the  credit  for  that  deletion, 
since  Sir  Joseph  Burn  in  the  course  of  his  Chadwick  Lecture  on 
Vital  Statistics  in  1914  strongly  urged  that  such  questions  should 
be  omitted,  leaving  the  information  to  be  obtained  from  other  and 
more  reliable  sources.  For  that  reason  it  was  to  be  regretted  that 
the  question  as  to  marital  condition  had  been  enlarged  by  the 
inclusion  of  divorce.  Probably  many  divorced  persons  would 
continue  to  describe  themselves  as  unmarried  or  widowed  according 
to  their  age  and  inclination. 

Mr.  S.  P.  VIVIAN  thanked  the  members  of  the  Institute  for 
having  invited  his  colleagues  and  himself  to  come  that  evening,  and 
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the  President  for  the  cordial  manner  in  which  he  had  welcomed 
them.  He  had  read  the  paper  with  very  great  interest,  particularly 
as  the  author  had  evidently  made  himself  familiar  with  the  large 
number  of  volumes  comprised  in  the  Census  reports,  and  the  natural 
suspicion  with  which  he,  like  other  critics,  had  approached  them  had 
given  place  to  a  more  just  appreciation  that  on  the  whole  they  were 
thoroughly  and  carefully  prepared.  As  he  himself  had  had  no  part 
in  the  preparation  of  those  volumes,  he  might  perhaps  be  pardoned 
for  endorsing  that  opinion.  On  the  other  hand,  it  was  not  pretended 
for  a  moment  that  the  Census  reports  were  perfect,  and  the  Office 
would  value  the  contents  of  the  paper  and  anything  which  was 
said  in  the  discussion  if  it  would  help  the  Office  to  make  the  Census 
reports  of  1921  of  more  use  to  the  actuarial  profession. 

The  paper  dealt  with  tabulation,  which  was  the  last  stage  in 
the  preparation  of  the  Census,  and  it  was  due  to  the  Institute  to 
explain  some  of  the  previous  operations,  because  he  took  the  view 
of  his  office  that  he  was  a  trustee  of  the  important  Census  machinery 
for  all  those  who  were  consumers  of  Census  statistics,  and  he  would 
like  to  indicate  some  of  the  difficulties  that  had  been  encountered 
and  some  of  the  progress  that  had  been  made.  In  the  first  place, 
reference  had  been  made  to  legislation.  An  Act  of  Parliament  had 
always  been  necessary  because  a  Census  placed  certain  obligations 
on  certain  members  of  the  population  to  reply  to  certain  questions, 
and  up  to  recently  a  separate  Act  of  Parliament  was  passed  for  every 
Census  ;  it  came  into  being  a  short  time  before  the  Census  and 
concluded  when  the  Census  was  finished.  The  Census  Act  of  1920 
was  a  permanent  Act  providing  for  all  future  Censuses,  and  that  was 
an  important  step  forward,  as  it  enabled  successive  Censuses  to  be 
regarded  from  a  statutory  point  of  view  as  links  in  a  successive  series 
of  statistical  operations  and  not  as  a  series  of  isolated  and  independent 
operations.  The  next  thing  was  that  the  Act  of  1920  provided  for 
a  quinquennial  Census,  which  was  again,  he  ventured  to  suggest, 
an  object  that  had  been  sought  for  some  time.  As  the  Act  was  a 
permanent  one  it  followed  that  the  Act  itself  could  not  lay  down 
what  was  necessary  in  every  Census,  for  the  reason  that  it  was 
impossible  to  foresee  what  sort  of  enquiries  would  be  necessary  in 
the  future.  Some  elasticity  was  therefore  necessary,  and  the  Act 
provided  that  the  particulars  of  the  enquiries  to  be  included  in  the 
Census  schedule  on  any  particular  occasion  should  be  such  as  were 
prescribed  by  an  Order  in  Council,  and  the  Act  gave  considerable 
powers  as  to  the  limits  within  which  enquiries  could  be  included  by 
Orders  in  Council.  There  were  specific  items  which  might  be 
included  without  the  ordinary  opportunity  of  Parliament  to  challenge 
the  Order,  and  an  important  sweeping  clause  provided  that 
enquiries  of  a  very  large  range  dealing  with  the  social  and  civil 
condition  of  people  might  be  included,  subject  to  confirmation  by 
Parliament. 

With  regard  to  the  quinquennial  provision,  he  thought 
the  Office  could  not  be  expected  to  avail  itself  of  the  power  of 
taking  a  Census  five  years  from  the  present  time  unless  either  the 
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opinion  of  Parliament  and  the  public  became  far  more  convinced 
of  the  importance  of  statistics  to  the  extent  of  facing  the  very  heavy 
expenditure  involved,  or  the  expense  of  Census  taking,  which  was 
very  great,  was  reduced.  That  appeared  to  him  to  be  the  line  of 
concentration,  and  every  effort  would  be  made  to  secure  that  the 
machinery  for  Census  taking  was  reduced  by  organization  to  a  cost 
which  would  make  it  possible  for  the  Office  to  avail  itself  in  future 
of  the  power  to  take  a  Census  every  five  years.  There  was  now  full 
legislative  equipment  but  the  Office  had  yet  to  obtain  full  adminis- 
trative equipment.  With  regard  to  the  1921  Census,  the  paper 
dealt  really  with  the  outcome  of  a  long  series  of  processes  which  it 
might  be  convenient  to  explain  as  showing  the  steps  which  were 
taken.  Reference  was  made  to  the  question  of  co-ordination.  The 
Census  authorities  were  national — there  was  one  for  England  and 
Wales,  another  for  Scotland  and  another  for  Ireland,  and  it  had 
been  a  frequent  and  not  unnatural  ground  of  complaint  that  the 
Census  reports  of  those  authorities  were  not  always  in  as  close 
uniformity  and  co-ordination  as  they  might  be.  The  Office  had  done 
the  best  it  could.  A  joint  committee  was  appointed  consisting  of 
one  representative  of  each  to  take  general  supervision  of  the  Census 
arrangements,  and  that  body  had  been  the  basis  of  all  subsequent 
operations.  Sub-committees  were  formed,  which  examined  for 
the  United  Kingdom  as  a  whole  the  various  suggestions  falling 
within  a  certain  subject  matter.  By  way  of  an  example  of  the  work 
which  the  sub-committees  did,  he  would  like  to  refer  to  the  difficult 
subject  of  occupation  and  industry,  which  had  been  touched  upon 
that  evening.  He  made  no  apology  for  saying  that  he  did  not  think 
the  Office  was  now  satisfied  with  the  results  of  the  occupation  and 
industry  side  of  the  last  Census  reports.  The  work  was  experimental 
and  was  a  subject  of  extreme  difficulty.  For  that  reason  an  attempt 
had  been  made  to  deal  with  it  as  thoroughly  as  possible,  and  there 
had  been  collected  a  small  body  of  persons,  representing  certain 
Government  Departments,  which  was  in  a  position  to  make  use  of 
very  considerable  resources,  to  set  to  work  and  make  classifications 
on  the  one  hand  of  occupations  and  on  the  other  hand  of  industries. 
That  work  was  now  completed  and  the  Census  Office  would  follow  and 
subsequently  publish  the  two  classifications.  In  addition  there 
would  be  published  a  very  comprehensive  glossary  of  occupations 
which  he  thought  could  not  but  be  of  great  advantage  to  anyone 
who  dealt  with  the  subject.  What  was  even  more  important,  the 
great  Departments  that  subscribed  to  the  work,  the  Board  of  Trade, 
the  Home  Office,  &c,  had,  with  trifling  exceptions,  undertaken 
to  use  the  classifications  in  their  own  statistics.  So  that  it  might 
be  taken  that  on  those  important  subjects  all  the  Government 
statistics  issued  in  the  future  would  be  directed  to  a  common 
system  of  classification  which  would  enable  them  to  be  collated  ami 
used  together.  On  that  point  he  would  like  to  refer  to  a  matter 
which,  perhaps  incorrectly,  was  noted  in  the  paper.  He  thought 
the.  author  assumed  that  the  enquiry  as  to  occupation  and  industry 
was  directed  particularly  to  unemployment,  which  was  bulking  very 
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largely  at  the  present  time.  That  was  not  really  so.  The  matter 
was  included  at  a  time  when  unemployment  was  not  what  it  was  at 
present.  At  any  particular  time  there  were  certain  persons  un- 
employed, and  as  the  industrial  classification  of  the  individual  was 
obtained  with  his  employer's  name  and  business,  a  man  who  was 
not  for  the  time  being  employed  would  be  omitted  from  the  industrial 
classification  if  the  question  was  merely  limited  to  his  present 
employment.  It  was  thought  desirable,  therefore,  to  extend  the 
question  to  a  person  who  was  unemployed,  so  as  to  obtain  particulars 
of  his  previous  employer  and  that  employer's  business,  at  the  same 
time  earmarking  the  man  so  that  if  necessary  he  could  be  excluded 
from  any  industrial  classification  in  which  it  was  necessary  to  dis- 
criminate between  the  total  man  power  of  the  industry  for  the  time 
being  and  those  who  represented  in  any  sense  a  margin  of  non- 
effectives. The  question  was  not  directed  to  eliciting  particulars 
of  unemployment,  but  merely  to  enabling  the  Office  to  complete 
the  industrial  classification  with  that  limitation. 

There  were  just  one  or  two  points  he  noted  in  the  speeches  of 
previous  speakers  to  which  he  would  like  to  refer.  With  regard  to 
age  in  years  and  months,  the  matter  was  debated  very  long  and 
earnestly  as  to  whether  an  attempt  should  be  made  to  get  the  age 
by  reference  to  the  year  and  month  of  birth,  but  it  was  found  that 
instructed  opinion  was  not  quite  so  unanimous  as  to  the  superiority 
of  that  as  compared  with  the  other.  The  year  and  month  had  been 
included  in  order  to  get  people  to  address  themselves  more  particu- 
larly to  what  they  were  talking  about  and  to  be  more  careful  than 
they  had  been  in  the  past.  The  opener  of  the  discussion  had  referred 
to  the  difficulty  in  regard  to  areas.  The  Redistribution  Commission  of 
1918,  established  in  connection  with  the  Representation  of  the  People 
Act,  so  arranged  that  electoral  areas  were  co-terminous  with  the 
administrative  areas  at  that  time.  The  registration  officer  was  the 
officer  of  the  local  authority  for  the  Council  or  the  Parliamentary 
Borough.  In  the  period  that  had  elapsed  since  then  they  had 
departed  from  grace.  The  usual  process  was  that  the  administrative 
borough  enlarged  its  boundary  and  the  Parliamentary  constituency 
stayed  where  it  was.  So  that  once  more,  notwithstanding  the 
evidence  of  1918,  there  was  the  difficulty  of  overlapping  areas.  It 
was  only  to  be  hoped  that,  in  the  course  of  re-construction  in  con- 
nection with  local  government,  those  things  might  be  put  straight — 
at  any  rate,  it  would  not  be  for  want  of  appreciation  of  the  difficulty 
or  desire  on  the  part  of  the  authorities. 

The  Office  was  very  grateful  for  the  help  of  the  Institute,  and  was 
very  anxious  to  make  the  Census  as  useful  to  everybody  as  it  could 
be  made.  It  would  not  be  an  epoch-making  Census,  except  in  the 
sense  that  it  came  at  a  time  which  was  a  distinct  epoch  after  so  great 
a  war.  It  comprised  some  important  new  enquiries,  the  dependent's 
enquiry  which  the  actuarial  profession  had  put  forward,  and  another 
enquiry,  which  in  his  view  was  very  important,  the  place  of  work. 
Those  were  two  big  enquiries  and  entirely  new.  With  the  improved 
arrangements  with  regard  to  occupation  and  industry,  he  thought 
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it  was  possible  to  look  with  complacency  upon  the  efforts  which  had 
been  made  to  secure  that  the  questions,  if  not  the  results,  were  as 
good  as  could  be  arranged. 

Mr.  W.  P.  ELDERTON  said  that  while  he  agreed  with  the 
author  that  the  tabulation  of  the  data  in  the  published  volumes  was 
on  the  whole  very  satisfactory,  he  hoped  arrangements  would  be 
made  whereby  that  tabulation  was  not  altered  from  Census  to 
•Census,  as  such  changes  made  comparisons  between  successive 
Census  periods  very  difficult.  With  regard  to  the  omission  of  the 
fertility  question  and  the  inclusion  of  a  new  question,  he  imagined 
that  the  reason  for  that  was  that  for  some  financial  purpose  the  new 
question  was  essential  and  that  there  was  not  room  for  both.  At 
any  rate,  he  hoped  that  was  the  reason,  because  it  implied  something 
temporary  which  could  be  changed  at  another  Census.  He  admitted 
that  the  old  question  required  modification,  but  felt  sure  that  some 
question  of  the  kind  ought  to  be  in  each  Census.  The  excuse 
indicated  by  the  author  for  the  omission  of  the  question  was  :  "It 
"  must  be  remembered  that  the  effects  of  the  war  on  statistics  of 
"  this  character  would  undoubtedly  tend  to  vitiate  any  conclusions 
"  that  might  be  drawn  from  similar  data  collected  at  the  coming 
"  Census."  He  should  have  thought  that  the  effect  of  the  war  was 
one  of  the  reasons  why  the  fertility  question  should  be  in.  After 
all,  fertility  lay  at  the  basis  of  almost  every  social  statistical  study. 
He  might  suggest  to  the  author  that  perhaps  a  slight  improvement 
of  the  wording  might  be  made,  as  follows  :  "It  must  be  remembered 
"  that  the  effects  of  the  war  on  statistics  of  this  character  might  tend 
"  to  vitiate  conclusions  that  might  be  drawn  by  careless  statisticians." 

Mr.  H.  H.  WOLFENDEN  expressed  his  appreciation  of  the 
courtesy  of  the  Institute  in  extending  to  him,  as  a  Fellow  of  the 
Actuarial  Society,  an  opportunity  of  taking  part  in  the  discussion 
of  Mr.  Menzler's  paper.  The  general  subject  of  population  statistics 
was  of  great  interest  to  him,  in  view  of  a  paper  on  the  work  of  the 
United  States  Census  Bureau,  which  he  read  before  the  Actuarial 
Society  of  America  a  few  years  ago,  and  which  appeared  in  vol.  xviii. 
of  the  Transactions  of  that  Society.  The  conditions  under  which  the 
Uensus  was  taken  in  both  the  United  States  and  Canada,  however, 
were  of  course  very  different  from  those  of  this  country,  and  in  any 
comparison  of  British  and  American  methods  it  was  most  important 
to  bear  those  differences  in  mind.  For  example,  the  author,  in 
discussing  the  Householder's  Schedule,  as  used  in  Great  Britain, 
expressed  an  apparently  general  disapproval  of  a  Census  taken  "  by 
enumerators  upon  the  American  model."  The  less  expensive 
householder  method  was,  of  course,  to  be  preferred  where,  as  in  Great 
Britain  and  similar  countries,  it  could  be  so  operated  that  serious 
omissions  of  information  did  not  occur  ;  but  in  Canada  and  the 
United  States  the  enumerator  system  had  been  retained  after  very 
careful  consideration  and  experiment,  because  of  the  scattered 
nature  of  some  portions  of  the  population  and  the  large  numbers  of 
foreign  and  coloured  stock.  As  a  further  illustration  of  the  difference 
in  conditions,  it  might  be  of  interest  to  state,  in  connection  with 
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the  author's  reference  to  the  subject  of  a  quinquennial  Census,  that 
in  Canada,  by  reason  of  the  waves  of  immigration  and  the  consequent 
violent  fluctuations  in  the  population  movement,  it  had  been  found 
necessary  to  take  a  quinquennial  Census,  since  1901,  in  the  three 
Prairie  Provinces  of  Manitoba,  Saskatchewan  and  Alberta.  He 
had  had  reason  to  appreciate  the  value  of  those  quinquennial  figures 
in  connection  with  an  investigation  upon  which  he  had  recently  been 
engaged,  for  the  Dominion  Statistician,  upon  the  subject  of  post- 
eensal  population  estimates  ;  and  that  work  had  also  emphasized 
the  desirability  of  extending  the  quinquennial  system  to  British 
Columbia,  where  again  the  population  growth  was  very  difficult  to 
estimate  over  a  ten-year  period. 

It  was  not  at  all  surprising — although,  at  the  same  time,  it  was 
reassuring — to  find  that,  after  a  detailed  examination,  the  author 
reached  the  conclusion  that  the  tabulations  in  the  past  had  been 
carried  out  in  a  complete  and  generally  satisfactory  manner.  Many 
of  the  changes  which  the  author  suggested  had  to  do  with  matters 
— such  as  style  of  type,  &c. — which  were  relatively  unimportant, 
and  he  thought  that  the  value  and  interest  of  the  paper  would  have 
been  enhanced  had  the  author  devoted  less  space  to  those  matters 
and  had  he  given  instead  some  consideration  to  the  closely  allied 
problem  of  the  annual  reports  on  vital  statistics.  The  complete 
utilization  of  Census  results  depended  so  largely  upon  their  ultimate 
employment  in  conjunction  with  properly  collected  annual  returns 
of  births  and  marriages  that  it  seemed  to  narrow  one's  outlook  when 
those  two  closely  related  sections  of  population  data  were  not 
considered  together. 

In  Canada,  Mr.  Coats,  the  Dominion  Statistician,  as  a  result  of 
a  vital  statistics  conference  which  was  held  in  Ottawa  in  June,  1918, 
had  inaugurated  a  scheme  which  promised  to  remedy,  as  far  as 
Canada  was  concerned,  the  present  reproach  that  neither  in  Canada 
nor  in  the  United  States  was  it  possible  to  produce  vital  statistics 
for  the  entire  country.  In  the  work  which  was  still  being  carried 
out  to  that  end,  the  methods  of  the  British  Registrars-General  had 
frequently  been  held  up  as  a  model,  and  for  that  additional  reason 
it  would  be  of  great  interest  if  the  Institute  at  some  future  time 
would  give  its  attention,  along  the  lines  of  the  paper,  to  the  possible 
betterment,  from  the  actuary's  point  of  view,  of  the  annual  returns 
of  births,  deaths  and  marriages. 

The  PRESIDENT  said  that  one  of  the  difficulties  which  had 
beset  Census  takers  in  the  past,  and  he  was  afraid  would  beset 
them  in  the  future,  was  the  constitution  of  the  United  Kingdom, 
dating  back,  as  it  did,  over  1,000  years  of  chequered  and  active 
history.  He  was  interested  some  time  ago,  in  reading  the  Reports 
of  a  very  old  Committee  on  Official  Statistics,  to  come  across  a 
phrase  by  an  eminent  civil  servant  of  that  day  which  seemed  to  him 
to  go  to  the  root  of  the  matter.  The  Report  said  :  "In  discussing 
"  certain  defects  in  official  statistics,  Mr.  Farrer  pointed  out  that  it 
"  was  important  to  recognize  the  causes,  among  which  he  included 
"  '  differences  in  the  laws,  customs  and  circumstances  under  which 
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"  '  the  different  statistics  are  collected  by  different  departments 
"  '  and  in  different  parts  of  the  kingdom.'  He  went  on  to  say,  after 
"  mentioning  certain  examples  :  '  These  differences  and  many 
"  '  others  lie  deep  in  the  laws  and  customs  of  the  three  Kingdoms, 
"  '  and  it  would  be  sanguine  to  hope  that  they  could  be  removed 
"  '  in  order  to  render  statistical  records  uniform.  Human  life  and 
"  '  habits  can  seldom  be  altered  in  order  to  make  records  perfect.'  " 
That  was  the  difficulty  and  a  difficulty  which  actuaries  met  in  their 
daily  work,  quite  apart  from  the  discoveries  which  they  came  across 
every  now  and  again  in  studying  the  Census  volumes  and  other 
forms  of  official  statistics.  If  the  Kegistrar-General  gave  the  kind 
of  Census  that  the  author  had  outlined  that  evening,  in  the  course 
of  the  next  two  or  three  years,  he  thought  the  actuarial  profession 
would  have  every  cause  to  be  grateful  to  him. 

Mr.  MENZLER,  in  reply,  doubted  whether  enumerators  who  had 
to  range  over  a  large  number  of  subjects,  as  on  the  Continent  and 
in  America,  could  give  a  very  large  amount  of  accurate  information. 
They  were  not  a  permanent  staff  and  necessarily  received  only  a 
brief  training. .  With  regard  to  the  omission  of  the  question  as  to 
the  duration  of  marriages  he  thought  that  the  right  way  of  dealing 
with  the  question  of  fertility  was  by  means  of  issue  rates.  It 
appeared  from  what  Mr.  Vivian  had  said  that  the  question  of  co- 
ordination had  been  grappled  with  successfully,  and  that  the  hope 
expressed  in  the  paper  that  the  unemployment  statistics  would  fit 
in  with  the  Census  statistics  would  be  fulfilled. 


National  Health  Insurance. 

In  an  interim  report  on  the  first  valuation  of  Approved 
Societies  as  at  31  December  1918  (Cmd.  1130.  Price  Id.)  the 
summarized  results  were  published  early  in  the  year  of  the 
valuations  completed  up  to  24  December  1920.  Over  5,000 
valuations,  being  about  40  per-cent  of  the  total  number,  had 
been  made  at  that  date,  and  in  the  large  majority  of  cases 
substantial  surpluses  were  found  to  have  existed  at  the  date 
of  valuation  .  The  report  comments  on  this  satisfactory  result 
as  follows  : 

The  outstanding  feature  of  the  valuations  so  far  completed 
is  the  large  amount  of  the  surpluses  brought  out,  the  deficiencies 
being  relatively  insignificant.  The  conditions  which  have 
prevailed  during  the  war  have  greatly  affected  the  finance  of 
National  Health  Insurance,  and  it  is  evident  that  to  a  material 
extent  the  surpluses  now  declared  are  due  to  this  cause.  To 
indicate  this  it  is  only  necessary  to  explain  the  more  significant 
of  the  factors  which  have  entered,  generally,  into  the  production 
of  surplus.    These  are  as  follows  : 
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(a)  The   claims  for  sickness,   disablement   and  maternity 

benefits  have  been  considerably  below  the  provision 
made  for  the  expenditure  under  these  heads  in  the 
financial  basis  of  the  Acts. 

As  regards  the  sickness  and  maternity  benefits 
much  of  the  resulting  gain  is  traceable  to  the  fall  in  the 
claims  which  set  in  with  the  year  1915  and  continued 
until  1918.  Xo  previous  experience  of  friendly 
societies  affords  a  parallel  to  this  phenomenon,  which 
is  unmistakably  connected  with  the  war. 

It  is  important  to  remember  in  this  connection  that 
the  super-normal  experience  of  men  who  were  invalided 
from  the  Forces  has  been  met  by  an  annual  grant  from 
the  Exchequer.*  The  relatively  heavy  liability  of 
married  women,  which  at  one  time  attracted  attention, 
has  also  been  corrected  by  an  annual  grant  from  public 
funds.  In  respect,  therefore,  of  both  men  and  women, 
the  societies  have  been  protected  from  elements  of 
liability  that  were  outside  the  scope  of  the  original 
estimates,  and  accordingly  reap  the  full  advantage  of 
the  favourable  experience  which  has  prevailed. 

In  the  case  of  disablement  benefit  the  claims  have 
steadily  risen,  as  they  must  do  for  some  years  to 
come,  since  disablement  benefit  represents  the  pro- 
vision for  more  or  less  permanent  incapacity  among  a 
community  all  of  whose  members  were  in  employment 
on  first  entering  into  insurance,  in  or  after  the  year 
1912.  The  increase  in  the  cost  of  disablement  benefit 
has,  however,  been  considerably  less  than  that 
anticipated,  though  it  should  be  added  that  this  feature 
is  much  less  noticeable  in  the  case  of  women  than  it  is 
in  the  case  of  men. 

(b)  The  interest  realized  on  the  investments  of  the  accumu- 

lated funds  has  been  appreciably  in  excess  of  the 
valuation  rate  of  3  per-cent.  Interest  at  this  rate  is 
credited  in  respect  of  reserve  values,  which  at  present 
form  the  major  part  of  the  assets  of  approved  societies, 
but  the  great  bulk  of  the  funds  accumulated  since  1912 
has  been  invested  in  Government  securities  producing, 
especially  since  the  war,  a  much  higher  rate. 
Approved  societies  are  exempt  from  income  tax  on 
interest,  and  therefore  obtain  the  full  benefit  of  the 
high  rates  of  interest  at  which  they  have  been  enabled 
to  invest. 

The  element  of  depreciation  had  not  up  to  the 
valuation  date  become  a  serious  factor,  and  the 
valuation  regulations  provided  that  Stock  Exchange 
securities  held  by  societies  should  be  taken  at  their 

*  This  grant  continues  up  to  31  December  1920,  and  then  ceases. 
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cost;  prices.  So  far  as  the  funds  of  societies  consist, 
under  statutory  directions,  of  credits  in  the  Com- 
missioners' Investment  Account  (comprising  approxi- 
mately 50  per-cent  of  the  total  amount  accumulated) 
the  question  of  depreciation  may  be  presumed,  in  any 
case,  not  to  arise,  since  by  appropriate  regulations,  pre- 
scribing the  rate  of  interest  allowed,  provision  may  be 
made  for  the  creation  of  sufficient  reserves  to  protect 
the  fund.  The  rate  of  interest  at  present  allowed  in 
respect  of  these  credits  is  4  per-cent,  leaving,  it  is 
understood,  a  suitable  margin  for  the  purpose  here 
indicated. 

(c)  The  receipts  from  contributions  in  many  cases  have 

exceeded  the  "  expectation."  Contributions  are  not 
payable  in  periods  of  sickness  or  unemployment,*  and 
it  follows  that  in  years  when  sickness  is  below  the 
average  and  employment  abundant  the  receipts  from 
contributions  show  a  considerable  gain  to  societies. 
These  conditions  prevailed  generally  up  to  31  December 
1918. 

(d)  "  War  mortality     in  the  case  of  men,  has  added  greatly 

to  surplus.  The  liabilities  of  societies  have  been 
reduced  by  deaths  of  which  there  had  been  no  expec- 
tation, while  the  credits  given,  and  the  funds  accumu- 
lated, to  meet  those  liabilities  remain  intact. 

While,  as  indicated  above,  much  of  the  gain  derived  from 
light  sickness  and  disablement  claims  is  due  to  the  war,  some 
part  of  it,  in  the  case  of  many  societies,  must  be  ascribed  to  the 
favourable  environment  of  the  members  and  the  nature  of  their 
occupations.  So  far  as  men  who,  normally,  would  have  been 
subject  to  low  rates  of  sickness  have  been  withdrawn  from  civil 
life  the  benefit  of  these  conditions  to  their  societies  has  been 
suspended  during  the  period  of  their  naval  or  military  service, 
but  otherwise  the  conditions  indicated  have  operated  with  their 
customary  force.  Eural  societies,  and  societies  whose  members 
are  confined  to  certain  special  classes,  e.g.,  the  staffs  of  banks 
and  insurance  offices,  journalists,  clerks,  teachers  and  nurses, 
are  noticeable  in  this  respect. 

Another  element  has  contributed  materially  to  the 
valuation  results,  namely,  the  quality  of  administration.  It  is 
impossible,  in  the  nature  of  the  case,  to  trace  specifically  the 
results  of  good  administration  ;  where  various  factors  are  in 
operation  the  influence  of  careful  management,  as  one  of  them, 
can  be  inferred,  but  cannot  be  measured.  Indirectly  the  im- 
portance of  this  element  can,  however,  be  established.  In  a 
considerable  number  of  cases  the    Insurance  Commissioners 

*  This  general  provision  is  subject  to  the  qualification  that  in  cases  of  con- 
siderable unemployment  the  benefits  are  reduced  unless  certain  modified  payments 
are  made  in  lieu  of  contributions. 


1921.]  National  Health  Insurance.  387 


were  led,  especially  before  the  war,  to  infer  from  excessive 
expenditure  on  benefits  that  administration  was  defective,  and 
to  take  appropriate  action.  The  results  of  their  intervention 
are  generally  apparent  in  the  subsequent  course  of  the  claims, 
and  in  some  instances  are  remarkable.  It  would  appear  that  in 
nearly  all  cases  wherein  deficiency  has  been  found  on  the  valuation 
of  societies  action  of  this  kind  had  become  necessary,  and  there 
is  little  doubt  that  the  deficiencies  are  due,  at  least  in  part,  to 
the  heavy  expenditure  which  caused  the  official  intervention. 
In  other  cases  of  the  kind  the  valuation  shows  a  comparatively 
small  surplus,  and  it  is  evident  that  some  of  the  societies  whose 
surpluses  are  insufficient  to  permit  of  additional  benefits  are  of 
this  class.  From  these  results  of  lax  administration  it  is  a 
reasonable  inference  that  careful  and  efficient  management, 
where  this  has  been  consistently  exercised,  has  contributed  its 
due  share  to  the  surplus  disclosed. 

As  the  outcome  of  the  valuations  made  up  to  24  December 
1920,  85  per-cent  of  the  insured  members  of  the  societies 
■concerned  will  be  able  to  receive  "  additional  benefits/5  In 
most  cases  these  additional  benefits  will  presumably  take  the 
form  of  additions  to  the  normal  benefits,  and  each  society 
which  has  a  sufficient  disposable  surplus  has  been  informed,  in 
an  appendix  to  the  valuer's  report,  what  additional  benefits 
can  be  given  in  the  proportion  of  Is.  a  week  sickness  benefit, 
6d.  a  wTeek  disablement  benefit,  and  2s.  maternity  benefit.  Xo 
society  will  be  allowed  to  give  more  than  an  additional  os. 
sickness  benefit  with  the  other  benefits  in  proportion.  In 
those  cases  in  which  the  surplus  is  more  than  sufficient  for 
these  maximum  additional  benefits  the  excess  is  to  be  kept  in 
reserve  at  any  rate  until  after  a  second  valuation.  The 
following  extract  from  the  report  deals  with  the  general 
-question  of  the  disposal  of  surplus  : 

Disposable  Surpluses. 

Under  Section  37  of  the  Act  of  1911  (as  amended  by  the  Act 
of  1918)  a  society  or  branch  is  empowered  to  submit  a  scheme 
for  utilizing  in  additional  benefits  a  surplus  which  the  valuer 
certifies  to  be  disposable.  The  responsibility  is  thus  imposed 
upon  the  valuer,  in  the  exercise  of  his  professional  judgment,  of 
determining  the  extent  to  which  any  particular  surplus  which  he 
finds  on  valuation  may  be  safely  distributed. 

In  coming  to  a  decision  he  must  take  into  account  not  only 
the  normal  risks  of  fluctuation  in  future  experience  (paying  due 
regard,  in  this  connection,  to  the  provisions  of  the  Act  respecting 
the  "  Contingencies  Funds  "  and  other  protective  measures)  but 
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must  give  full  weight  to  the  uncertainties  of  the  present  situation 
with  their  possible  reactions  upon  the  future  financial  responsi- 
bilities of  approved  societies.  This  latter  is  a  point  of  great 
importance  not  only  in  regard  to  the  future  claims,  but  also  in 
reference  to  the  value  of  investments.  Difficult  questions  arise, 
moreover,  on  the  general  decline  in  the  death  rate,  a  feature 
which,  if  maintained,  may  hereafter  add  considerably  to  the 
charges  on  societies,  as  at  present  estimated.  It  would  be 
detrimental  to  the  welfare  of  approved  societies  if  surpluses 
acquired  under  exceptionally  favourable  conditions  were  distri- 
buted without  sufficient  regard  to  such  important  points  as 
these. 

The  Acts  give  no  direction  as  to  the  period  over  which  a 
scheme  of  additional  benefits  shall  operate,  but  the  National 
Insurance  (Joint  Committee)  Regulations,  1912,  provide  that  in 
approving  schemes  the  Joint  Committee  shall  be  concerned  with 
their  actuarial  soundness,  and  to  meet  this  condition,  it  is 
necessary  that  such  a  term  should  be  set  to  the  operation  of  each 
scheme  providing  money  benefits  as  will  enable  the  liabilities 
under  it  to  be  actuarially  measured.  Having  regard  to  the 
points  mentioned  in  the  last  paragraph  it  is  at  least  advisable 
that  the  operation  of  the  initial  schemes  should  be  limited  to  a 
period  of  five  years,  since  at  the  end  of  this  period  the  whole 
situation  will  be  reviewed,  in  each  case,  in  connection  with  the 
second  valuation.  It  has  accordingly  been  recommended  that 
the  limitation  of  the  scheme  to  five  years  should  be  secured,  in 
every  case,  by  the  inclusion  of  a  provision  to  that  effect  among 
the  conditions  to  be  prescribed  by  the  scheme  under  Section  37 
(2)  of  the  Act  of  1911.  It  follows  that  in  each  case  the  amount 
certified  as  disposable  surplus  is  the  sum  which,  in  the  opinion 
of  the  valuer,  may  be  safely  distributed  over  the  next  five  years. 

In  the  calculation  of  the  reserves  to  be  made  in  the  process  of 
obtaining  the  disposable  surplus  the  valuers  have,  as  far  as 
possible,  adopted  a  uniform  procedure  under  which  these  reserves, 
while  dependent  on  the  ages  of  the  members  and  other  factors 
special  to  each  case,  do  not  differ  widely  (save  in  exceptional 
cases)  from  a  general  average  of  about  lis.  a  member  (men)  and 
9s.  (women).  In  a  comparatively  few  cases  the  surplus  is 
smaller  than  the  reserve  so  ascertained,  and  the  valuer  has  been 
unable  to  certify  that  any  part  of  it  is  disposable.  In  the  great 
majority  of  cases  the  balance  available  for  distribution  is  con- 
siderable, the  total  amount  certified  as  disposable  being  £2,171,57G 
or  on  the  average  62  per-cent  of  the  related  surpluses. 
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Valuation  of  Redeemable  Securities  with  allowance  for  Tax. 

Ox  pp.  70-71  of  vol.  lii,  it  is  stated  that  the  value  to  yield 
the  net  yearly  rate  i,  with  allowance  for  tax  at  rate  t  per 
unit  throughout,  of  a  loan  bearing  interest  at  the  gross  rate  g 
payable  yearly,  and  either  repayable  by  an  annuity  or 
redeemable  by  yearly  drawings  at  par.  may  be  found  by  the 
formula  (1  +  t/X)a-/a^  —  tj\K  where  n  is  the  remaining  term 
and  \=ijg — 1. 

The  formula,  which  was  worked  out  for  i>g  (p.  70)  holds 
also  for  i<g,  but  when  i=g  it  becomes  indeterminate.  In 
this  special  case  it  will  be  seen,  on  reference  to  the  expression 
from  which  the  formula  was  obtained,  that  the  value  is 
l-\-nvt/s-  —  t.  It  can  be  easily  shown  that  this  is  also  the 
limiting  value  of  the  general  formula  when  X=0. 
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Elements  of  Statistics.    By  Arthur  L.  Bowley.  Sc.D..  F.S.S. 
Fourth  Edition. 

[P| .  xi  +  459.    London  :  P.  S.  King  &  Son..  Ltd.    1920.    Price,  Vol.  I,  16s.  net  : 
Vol.  II,  12*.  6d.  net;  or  in  one  vol.  2±s.  net.] 

Lezioni  di  Statistica  Metodologica.    By  Prof.  F.  Ixsolera. 
~Pp.  191.    Turin:  Fratelli  Treves.  1921.] 

Zur  Ausgleichung  von  zweifach  abgestuften  statistischen  Reihen.  By 
Hofrat  Prof.  E.  Blaschke.  Phil.D.  (  Vienna). 

"Pp.  26.    Extracted  from  Zeitsch  rift  fur  die  nestmte  Versicherungs- 
TTisse nsch  aft .  ] 

The  list  given  above  contains  examples  of  different  styles  of 
statistical  work  and  it  is  even  more  interesting  to  consider  them  in 
their  general  relationship  than  to  deal  with  them  as  separate  entities. 
The  list  contains  an  English  text  book,  a  course  of  lectures  in  Italian 
which  may.  not  unfairly,  be  taken  as  an  example  of  the  point  of 
view  of  continental  text  books,  and  a  pamphlet  which  deals  with  a 
theoretical  problem  by  a  well-known  continental  writer.  I  think 
if  I  had  to  distinguish  between  the  continental  and  the  English 
points  of  new  I  should  be  tempted  to  say  that  the  continental 
writers  care  more  for  the  mathematics  and  the  English  more  for  the 
arithmetic.  Possibly  a  personal  bias  in  favour  of  the  arithmetical 
side  may  influence  this  distinction,  which  sounds  strange  when  we 
remember  that  the  theory  of  correlation  is  due  to  an  Englishman, 
that  much  of  the  mathematical  work  on  which  the  science  depends 
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was  produced  by  Englishmen  and  that  many  English  writers 
(Pearson,  Edgeworth,  Sheppard  and  others)  are  obviously  interested 
keenly  in  the  mathematical  development  of  the  subject.  Never- 
theless, the  general  distinction  is  not,  I  think,  far  out.  The  English 
writers,  with  rare  exceptions,  have  been  looking  for  something  to 
help  them  to  express  the  statistics  with  which  they  are  dealing  and 
their  mathematics  is  a  means  to  that  end.  Galton's  idea  of  a 
correlation  coefficient — the  most  recent  evidence  seems  to  show  that 
the  idea  originated  with  Galton  rather  than  Bravais — arose 
because  he  felt  that  it  was  necessary  to  be  able  to  measure 
relationships  on  a  scale  just  as  we  have  a  scale  for  measuring 
probabilities.  The  large  amount  of  mathematical  work  that  has 
been  done  subsequently  on  that  subject  by  English  writers  has  been 
necessary  because  practical  statistical  work  showed  definite  limita- 
tions in  the  simple  coefficient  first  suggested.  The  English  writers, 
as  a  whole,  give  more  numerical  examples  and,  even  when  they 
content  themselves  with  few,  an  arithmetical  paper  by  the  same  or 
another  investigator  follows  quickly  and  indicates  a  definite 
numerical  study  which  demanded  the  preliminary  mathematical 
work.  The  whole  of  the  first  part  of  Professor  Bowley's  text  book 
is,  in  a  sense,  arithmetical ;  he  shows  how  the  figures  can  be  used 
to  enable  us  to  reach  a  simple  arithmetical  result  whether  it  be  an 
average,  a  mode,  or  index.  The  second  part,  which  has  been  so 
much  altered  from  the  earlier  edition  that  it  is  almost  a  new  work, 
deds  with  the  mathematical  side  but  it  is  frequently  arithmetical 
in  intention.  On  the  other  hand,  Dr.  Insolera  seems  to  think 
algebraically  ;  he  expresses  his  views  either  in  algebra  or  geometri- 
cally, and  his  arithmetic  seems  to  be  used  rather  to  exemplify  his 
algebra  than  to  show  the  reason  for  which  the  algebra  was  created. 
Dr.  Insolera  does  not  go  into  very  much  detail ;  he  has  avoided  the 
more  difficult  parts  of  the  subject  and  has,  we  think,  been  successful 
within  the  limits  he  set  himself  :  he  no  doubt  felt  that  he  was 
lecturing  on  general  lines  and  that  his  lectures  could  not  contain 
the  total  amount  that  he  would,  presumably,  expect  a  student  of 
statistics  to  read,  but  he  gives  enough  to  show  his  point  of  view  and 
enable  us  to  see  the  lines  which  it  is  his  inclination  to  follow. 

Whether,  however,  there  is  a  real  difference  in  view  between 
English  and  continental  writers  may  be  open  to  some  question, 
but  there  can,  at  any  rate,  be  little  doubt  that  the  arithmetical 
point  of  view  is  that  which  would  be  most  likely  to  appeal  to  the 
actuary.  He  is,  in  matters  of  graduation,  and  therefore  on  curve- 
fitting,  an  arithmetician  and  an  utilitarian  and  his  test  of  a  mathe- 
matical formula  for  graduation  would  be  to  see  if  it  described  the 
particular  set  of  facts  he  was  examining  and,  if  it  did,  to  see  if  it 
had  a  wide  range  of  utility.  The  derivation  of  the  formula  might 
be  empirical ;  but,  if  it  answered  the  purpose,  the  actuary  would 
use  it  in  preference  to  an  alternative  which  is  less  useful  even  if  it 
has  some  apparent  theoretical  justification.  This  may  seem  an 
extreme  attitude  but  it  has  much  to  commend  it :  width  of  range  is 
as  good  a  test  of  properly  applied  theory  as  the  development  of 
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mathematical  formula?  on  chosen  lines.  Statistics  are  a  matter  of 
practical  arithmetic  and  if  a  particular  theory  does  not  fit  statistics 
with  sufficient  generality  then  there  is  something  imperfect  in  the 
theory.  The  attractive  theoretical  treatment  which  led  to  the  normal 
curve  of  error  has  provided  the  temptation  of  overlooking  its  narrow 
applicability  :  it  is  reached  by  approximations  which  show  that  it 
is  a  special  case  of  some  law  inviting  wider  generalization.  This 
has  been  widely  appreciated  and  Charlier.  Brims,  Edgeworth  and 
others  have  worked  out  series  which  are  generalizations.  Pearson, 
starting  from  the  hypergeometrical  series — of  which  the  binomial 
is  a  special  case — had  worked  out  a  different  generalization  which 
has  what  the  actuary  would  call  better  graduating  power  than  the 
other  generalizations. 

When  we  turn  from  the  attempts  to  express  frequency  by  a 
formula  to  the  more  complicated  problems  where  there  are  two 
variables,  and  consider  correlation,  we  find  that  the  analogous  surface 
to  the  normal  curve  of  error  involves  the  Galtonian  coefficient. 
This  coefficient  is  also  a  measure  when  the  surface  does  not  describe 
the  facts  provided  the  means  of  the  arrays  are  on  a  straight  line, 
but  when  this  is  not  the  case  another  measure  must  be  used,  and 
Pearson  has  suggested  the  correlation  ratio.  It  is  interesting  to 
remark  that  a  surface  formed  from  the  Bruns-Charlier  generalization 
leads  to  this  function  as  the  measure  of  correlation,  but  it  would 
seem  that  the  correlation  ratio  is  more  general  and  would  apply  to 
other  surfaces  as  well.  In  Dr.  Blaschke's  paper  we  have  an 
attempt  to  fit  a  Bruns-Charlier  surface  to  a  correlation  table.  The 
paper  gives  the  normal  form  and  that  of  the  Charlier  surface  ;  then 
provides  formula?  for  the  moments  of  the  arrays  and  shows  how 
these  moments  can  be  used  to  find  the  constants  ;  an  example 
gives  the  actual  frequency  surface.  Dr.  Blaschke's  method  is  one 
of  steps.  He  gets  a  symmetrical  surface  and  the  differences  from  it 
and  then  goes  to  his  final  table  which  is,  as  it  were,  the  graduation 
of  the  correlation  table  from  which  he  starts.  Dr.  Blaschke  points 
out  that  the  difficulty  of  the  Bruns-Charlier  series  is  that  one  does 
not  know  where  to  stop  :  why  should  we  stop  at  the  fourth 
differential  coefficient  I  This  must,  I  think,  always  be  a  difficulty 
in  using  a  series  such  as  Charlier's  for  graduation  :  if  we  take  a 
sufficient  number  of  terms  we  can  reproduce  the  data  closely,  but 
perhaps  so  closely  that  we  do  not  graduate  ;  if  we  take  few 
terms  we  may  not  be  close  enough  to  the  facts.  It  comes  almost  to 
a  question  of  trial  and  we  must  go  on  till  we  feel  satisfied.  There 
is  another  difficult v  in  that  the  Charlier  series  mav  give  negative 
values  for  frequency  when  it  is  used  to  describe  very  skew  distri- 
butions. Dr.  Blaschke,  in  his  example,  deals  with  a  distribution 
which  is  not  extremely  skew,  and  a  formula  for  a  skew  correlation 
surface  will,  I  think,  have  its  greatest  value  in  cases  of  extreme 
skewness.  The  example  is  interesting  but  it  must  be  confessed 
that  it  leaves  us  with  the  feeling  that  we  have  not  yet  found  a  skew 
correlation  surface  of  practical  value.  Possibly  we  might  reach  one 
in  a  particular  case  of  extreme  divergence  from  normality  by 


392 


Reviews. 


[April 


assuming  that  both  functions  are  geometrical  progressions,  but 
"  that  is  another  story." 

We  may  return  for  a  moment  to  Professor  Bowley's  book  to 
point  out  that  the  actuarial  reader  will  find  much  of  help  and  interest 
in  it ;  he  may  feel  that  the  formula  which  is  called  the  Generalized 
Law  of  Error,  second  approximation  (page  298),  is  hardly  suited  to 
graduation  work  as  it  can  only  be  relied  on  for  graduating  a  few 
groups  in  many  cases,  and  he  may  feel  that  some  of  the  chapters  on 
correlation  are  more  of  the  nature  of  summaries  of  existing  work 
than  chapters  of  a  self-contained  text  book,  but  he  will,  at  any 
rate,  be  impressed  by  the  comprehensiveness  of  the  summary  and 
helped  by  many  suggestive  remarks  and  practical  hints  throughout 
the  work. 

The  productions  mentioned  at  the  head  of  this  review  may,  as 
has  been  indicated,  be  taken  as  examples  of  what  is  going  on  in 
statistical  work  in  somewhat  different  fields  :  they  imply  an 
extending  interest  in  the  treatment  of  statistical  data  and  it  would 
be  of  advantage  if  actuaries  became  more  proficient  in  such  work 
than  they  are  at  present ;  actuarial  work  rests  on  a  statistical 
basis  ;  actuarial  science  and  statistics  are  youthful  sciences  and 
should  be  able  to  help  one  another. 

W.  P.  E. 


Pension  Endowment,  Life  Assurance,  and  other  schemes  for  Employees 
of  Commercial  Companies.  By  Harold  Dougharty,  A. LA., 
F.S.S,  F.C.I.S. 

[Pp.  95.    London  :  Sir  Isaac  Pitman  &  Sons,  Ltd.    1920.    Price  6s.  net.] 

In  the  minds  of  readers  of  the  Journal  the  title  of  this  book  may 
evoke  more  or  less  painful  recollections  of  voluminous  papers,  of 
complicated  symbols  bristling  with  prefixes  and  suffixes,  of  life  and 
service  tables  and  salary  scales,  and — if  it  has  been  their  lot  to  deal 
with  the  subject  practically — of  long  and  anxious  wrestling  with  the 
problems  and  responsibilities  entailed  by  the  formation  or  valuation 
of  a  Pension  Fund  on  a  salary-percentage  basis.  But  the  book 
itself  has  little  to  do  with  these  recondite  matters.  It  does  indeed 
just  mention — in  the  short  chapter  on  "  Types  of  Pension  Fund  " — 
the  salary-percentage  method,  but  only  to  point  out  the  uncertainty 
of  the  special  factors  which  enter  into  it  and  the  serious  effect  on 
salary-percentage  funds  of  the  recent  great  increase  in  the  scale  of 
salaries.  It  advocates,  and  is  in  the  main  concerned  with,  the 
deferred-annuity  method  of  providing  staff  pensions,  i.e.,  the  method 
of  securing  a  deferred  annuity  (whether  from  an  insurance  company 
or  by  means  of  a  Fund)  in  respect  of  present  salary  and  supplementing 
it  from  time  to  time  by  additions  in  respect  of  future  increments  ; 
it  deals  also,  incidentally  and  briefly,  with  the  analogous  methods  of 
providing  such  extra  benefits  as  temporary  assurance  and  disablement 
allowances,  and  it  includes  two  articles  on  "  Co-partnership  and 
Pension  Schemes  contributed  by  Mr.  A.  B.  Culley  to  the  official 
organ  of  the  Labour  Co-partnership  Association. 
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It  may  seem  a  simple  matter  to  provide  for  pensions  by  deferred 
annuities,  and  in  a  sense  it  is  so.  But  every  actuary  or  insurance 
official  who  has  had  occasion  to  quote  for  a  pension  scheme  on  a 
deferred-annuity  basis  knows  that  the  office  deferred-annuity  table 
is  a  long  way  from  being  a  pension  scheme.  There  is  a  distinction 
between  the  two  things  which  makes  all  the  difference  between  a 
barren  quotation  and  one  which  is  really  helpful  and  may  be 
productive  of  business.  Various  special  points  arise,  and  then 
there  is  the  scheme  itself  to  be  put  into  shape.  In  these  matters 
Mr.  Dougharty's  practical  notes  should  prove  useful.  The  reader 
will  rind  in  the  book  suggestions  for  dealing  with  the  problem  of  the 
older  members  of  the  staff,  some  indication  of  the  cost  of  including 
death  and  disablement  benefits,  a  specimen  set  of  rules,  several 
model  schemes  and  a  number  of  illustrative  tables.  A  few  pages 
are  given  to  the  subject  of  group  insurance,  but  we  miss  any  reference 
to  Sir  W.  Schooling's  plan  of  combining  a  temporary  decreasing  life 
assurance  with  an  endowment  secured  through  a  staff  savings 
association  (J. I. A.,  vol.  li.  p.  331). 

On  the  subject  of  the  relative  merits  of  salary-percentage  schemes 
and  deferred-annuity  schemes  one  word  may  be  said.  The  fact  that 
a  general  increase  in  the  scale  of  salaries  may  create  a  deficiency  in 
a  salary-percentage  Fund  does  not  seem  to  us  necessarily  conclusive. 
It  might  be  argued  that  the  deferred-annuity  scheme  merely  shifts 
the  onus  on  to  the  employee.  It  is  no  doubt  unsatisfactory  to 
find  a  deficiency  in  the  Pension  Fund,  but  it  is  at  least  as  unsatis- 
factory to  the  employee  to  see  his  prospective  pension  becoming  a 
dwindling  percentage  of  his  salary — as  it  must  do  if  he  has  reached 
an  age  at  which  it  is  impracticable  to  supplement  his  deferred 
annuity  in  proportion  to  his  increased  salary.  The  problem  after 
all  is  to  provide  for  some  continuity,  as  regards  income,  between 
official  life  and  life  after  retirement,  and  the  salary-percentage 
scheme  makes  an  attempt  to  do  this,  even  if  it  breaks  down  in  the 
process.  If  the  employer  is  prepared  in  any  case  to  shoulder  the 
burden,  it  is  merely  a  question  of  making  up  the  deficiency  in  the 
Pension  Fund  in  the  one  case  or  of  supplementing  the  inadequate 
deferred  annuity  in  the  other. 


Supplement  to  the  7oth  Annual  Report  of  the  Registrar-General  of 
Births,  Deaths  and  Marriages  in  England  and  Wales.  Fart  II. 
Abridged  Life  Tables. 

"Pp.  xlvi  +  65.    London :  H.M.  Stationery  Office.    1920.    Cel.  1010. 
Price  Is.  6(7.  net.] 

This  second  part  of  the  Supplement  to  the  1911  Census  Report 
would  in  the  ordinary  course  have  been  available  five  or  six  years 
ago,  but  its  publication  was  held  over  during  the  War.  It  contains 
abridged  (male  and  female)  life  tables,  based  on  the  rates  of  mortality 
experienced  in  1911-1912,  for  certain  large  areas  {e.g.,  the  North, 
Northern  Boroughs,  other  Northern  Urban  Districts,  Northern 
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Rural  Districts),  for  the  separate  administrative  counties  (also  for 
the  Urban  and  Rural  Districts  of  the  more  populous  Counties)  and 
for  County  Boroughs  with  populations  exceeding  100,000 — some 
280  abridged  tables  in  all— together  with  a  report  of  30  pages  by 
Dr.  E.  C.  Snow,  describing  an  '  elementary  rapid  method  "  used  in 
constructing  the  tables  and  designed  to  enable  Medical  Officers  of 
Health,  with  the  aid  of  a  further  10  pages  of  auxiliary  tabular 
matter,  to  construct  more  tables  of  the  same  kind  for  themselves. 
The  functions  tabulated  are  q  at  age  0,  r  (the  mean  annual  death 
rate)  forages  1-2,  2-5,  5-10,  10-15,  15-20,  20-25,  and  thereafter 
for  decennial  periods,  l-U-n  for  0-1  and  the  same  periods  as 
r,  /  and  e  for  ages  0,  1,  2,  5,  10,  15,  20,  25,  35,  &c,  also  the  ratios 
of  the  Ps  and  e's  to  the  same  functions  for  the  whole  of  England  and 
Wales.  Dr.  Snow  distinguishes  r  from  the  m  of  the  life  table — 
elsewhere  he  observes  that  the  m  for  age  1-2  differs  from  the  crude 
death  rate  r  only  by  the  process  of  graduation — but  it  seems  to  us 
to  be  a  perfectly  good  m  (regard  being  had  to  the  length  of  the 
interval)  and  little  or  none  the  worse  for  not  being  graduated.  The 
abridged  life  tables  are  not  graduated,  but  they  are  none  the  less 
life  tables,  and  the  r's  (on  which  they  are  based)  are  their  m's.  One 
other  point  of  detail  which  may  be  mentioned  is  that  the  Z's  and  e's 
at  the  several  ages  are  numbered  in  order  of  magnitude — or  merit. 
It  is  to  be  feared  that  this  useful  feature  will  hardly  escape  the 
notice  of  the  house  agents  and  publicity  experts  of  certain  suburban 
boroughs  that  stand  high  in  the  list. 

We  have  never  been  able  to  understand  why  Medical  Officers  of 
Health  have,  or  are  supposed  to  have,  such  a  strange  craving  for 
abridged  life  tables  in  general  and  expectations  of  life  in  particular — 
still  less  why  they  should  wish  to  construct  such  tables  in  the  scanty 
leisure  afforded  by  their  multifarious  duties.  Que  fonf-ils  done  dam 
cette  galere  ?  Owing  partly  perhaps  to  the  way  in  which  the  actuarial 
profession  has  always  made  a  fetish  of  the  life  table  an  entirely 
erroneous  notion  seems  to  us  to  have  become  prevalent  as  to  its 
uses.  Practically  all  the  functions  required  for  actuarial  and 
statistical  work  can  be  calculated  directly  from  the  experience 
p,  q  or  m  without  the  intervention  of  the  life  table,  and  in  investi- 
gations based  on  a  special  experience — when  a  life  table  is  not 
required  for  general  purposes — this  is  as  a  rule  the  most  convenient 
method  of  procedure.  As  evidence  of  the  need  for  life  tables 
Dr.  Snow  adduces  a  case  in  which  it  was  desired  to  compare  the 
chances  of  surviving  from  15-20  to  25-35  in  two  suburban  districts 
— the  population  being  mainly  of  low  social  status  in  one  and  of  a 
much  higher  status  in  the  other — and  he  remarks  that  this  could 
have  been  done  if  the  appropriate  life  tables  had  existed.  But 
since  the  ratio  of  the  eologs  of  the  p's  is  approximately  the  same  as 
that  of  the  corresponding  wi's  or  r's,  it  could  have  been  done  just  as 
well  without  life  tables.  In  the  case  of  an  important  experience 
which  will  form  the  basis  of  numerous  calculations  a  life  table  is 
undoubtedly  a  valuable  instrument  for  actuarial  and  statistical 
purposes,  but  it  has  no  obvious  bearing  on  the  facts  of  mortality  or 
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vitality  with  which  a  Medical  Officer  of  Health  is  concerned.  In 
regard  to  these  facts  it  adds  nothing  to  the  evidence  of  the  rates  of 
mortality  on  which  it  is  based.  The  tabulated  values,  except  those 
of  the  fundamental  p  or  m,  are  wholly  artificial  and  hypothetical, 
representing  not  facts  but  a  perspective  of  human  life  on  certain 
assumptions.  What  meaning  can  be  attached  to  the  expectation  of 
life  at  West  Ham,  according  to  these  abridged  life  tables,  of  boys 
aged,  say,  10  .'  It  means,  we  suppose,  that  if  a  large  number  of 
boys  of  similar  birth  and  antecedents  to  the  boys  aged  10  who 
happened  to  be  living  in  West  Ham  in  1911-12  were  subject 
throughout  the  remainder  of  their  lives  to  the  rates  of  mortality 
experienced  in  West  Ham  during  1911-12  by  the  different  groups 
of  persons,  of  different  antecedents,  aged  10-15,  15-20  .  .  .  85-95. 
who  also  happened  to  be  living  in  West  Ham  in  1911-12,  their 
average  after-duration  of  life  would  be  the  number  of  years  specified. 
In  other  words  it  means  just  nothing  at  all.  It  is  pure  patch-work. 
But,  it  may  be  said,  the  "  expectation  of  life  "  is  a  conventional 
expression,  and  no  intelligent  person  would  regard  the  expectation 
of  life  in  West  Ham  at  age  10  as  being  anything  more  than  a  kind 
of  panoramic  view  of  the  vitality  of  West  Ham  residents  at  ages  10 
and  upwards.  It  seems,  however,  to  be  a  singularly  complicated 
function  for  the  purpose.  A  more  direct  comparison  between  the 
vitality  of  the  inhabitants  of  different  districts  would  be  afforded  by 
a  function  based  as  in  the  case  of  the  Registrar-General's  occupational 
mortality-rates,  on  a  standard  population,  and  showing  for  such  a 
population  the  number  of  years  lived  between  specified  ages. 
Similarly  the  mortality  in  different  age  periods  would,  in  our  view, 
be  more  usefully  represented  by  the  deaths  in  a  standard  population 
than  by  the  life  table  function  lx  -  lae+n  .  The  latter  is  an  entirely 
artificial  number,  involving  in  the  case  of  each  district  its  own 
particular  stationary  population. 

The  method  employed  in  the  construction  of  the  tables  and 
described  in  Dr.  Snow's  report  has  certainly  the  interest  of  novelty. 
The  stages  in  the  process  of  construction  are  r  (or  m)  the  central 
death-rate,  tp  the  probability  of  surviving  through  the  period  covered 
by  r,  (I+P  +  2P+  .  .  .  +  t-il>)  the  sum  of  the  probabilities  of 
surviving  0,  1  ...(/-  1)  years,  and  finally  0,  /  being  a  by-product 
from  tp  So  far  there  is  nothing  new.  The  novelty  of  the  method 
consists  in  the  fact  that  tp  is  obtained  from  r,  and  (l  +p  +  .  .  .  +  t-\P) 
from  tp,  by  empirical  formulas  determined  by  fitting  equations  of  the 
first  or  second  degree  (with  one  exception)  to  the  England  and 
Wales,  1910-12  Table.  Twenty-four  such  formulas  were  used  for 
different  ranges  of  the  value  of  /•  and  p,  and  for  the  different  periods 
of  grouping  ;  e.g.,  for  a  10-year  group,  the  value  of  r  being  between 
15  and  -30,  p  is  taken  as  =  -02194  +  22-01  92(-20985  -  r)2.  Judged 
by  this  expression  the  process,  if  elementary,  could  hardly  be 
regarded  as  rapid,  but  the  values  of  p  corresponding  to  values  of  r 
differing  by  -00001  and  the  values  of  (l  +/?  +  ..  .  t-\P)  corresponding 
to  values  of  tp  differing  by  -001  having  been  tabulated  in  the 
General  Register  Office,  the  formulas  were  virtually  eliminated,  and 
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the  actual  construction  of  the  tables  became  a  simple  matter.  At 
the  same  time  the  process  must  have  entailed  from  first  to  last  a 
very  considerable  amount  of  laborious  research  and  calculation,  and 
we  confess  that  such  an  expenditure  of  time  and  energy  appears  to 

us  to  have  been  unnecessary.  Since  colog  p  =  Mm/l  +  a- Y  and 
(\  \    \     \  t2  —  1 

(9  +P  +  -  -  +  ^tPJ=  ^t(l  +  tp)  +  — -  (tpfit  -  fi)  there  is  no  difficulty 

in  constructing  an  abridged  life  table.  Such  a  table  could  be 
constructed  directly  from  the  ins  as  in  the  example  given  on  p.  301 
of  vol.  xlviii  of  this  Journal.  But  a  simpler  plan  is  to  construct  by 
reference  to  a  standard  table.    We  then  have 

colog  p  =  colog  p  x  m(l  +rti/12)/(l  +  ajl'2) 

and 

(I  +P+..  •+  \tp)  =  lf(l+tP)  +  (~  +P  +  -.-  +  \tp)-\t(l+tP) 

approximately.  For  practical  purposes  it  would  make  little 
difference  if  (l  +  <x'0/l2)/(l  -\-aJ\2)  were  neglected,  since  a0  and  aft 
are  both  small  quantities  except  at  the  older  ages  when  they  tend  to 
equality.  We  give  below,  as  an  illustration,  the  construction  of  an 
abridged  table  for  the  South  of  England  (excluding  London)  by 
reference  to  the  official  abridged  table  for  England  and  Wales.  We 
have  taken  the  latter  as  our  standard  table  because  it  is  at  hand  as 
we  write,  but  as  the  published  values  of  r  at  the  oldest  ages  are  not 
sufficient  to  give  aQ  at  age  75  and  the  values  of  p  for  each  year  of 
age  are  not  available  we  have  used  the  official  value  of  £'75  and  have 
also  made  use  of  the  official  tables  to  determine  the  England  and 

Wales  values  of  ^~  -f  p  +  .  .  .  +  -tpJ<    In  practice  a  fall  table  such 

as  the  English  Life  No.  7  would  be  used  as  a  standard.    We  may 

add  that  we  have  followed  the  official  table  in  taking  e  as  =  e  +  ^ , 

although  this  is  not  quite  accurate  at  the  older  ages. 


Age 

m 

1  +  a 

o/12 

colog  p 

P 

S.  ex.  L. 

\  + . .  +  hp 

-m+tp) 

E.  &  W. 

h  +  ..  +  {tP 
S.  (x.  L. 

1 

E.&  W. 

S.  ex. L. 

E.  &  W. 

S.  ex.  L. 

E.&W. 

S.  ex.  L. 

S.  ex.  L. 

Official 

0 



9028 

•951 

55-88 

55-89 

1 

3750 

2251 

9777 

•989 

60-84 

6087 

2 

947 

635 

•996 

•998 

0122 

0082 

9813 

-008 

2-963 

61'22 

61-19 

5 

326 

274 

•999 

•999 

0074 

0062 

9858 

-007 

4-957 

59-37 

59-34 

10 

193 

157 

0041 

0033 

9924 

001 

4-982 

55-20 

55-18 

15 

293 

251 

1-001 

1-001 

0063 

0054 

9876 

001 

4-970 

50  61 

50-59 

20 

369 

323 

1-001 

1001 

0080 

0070 

9840 

001 

4-961 

4621 

46-19 

25 

482 

443 

1-002 

1-002 

0210 

0193 

9565 

0L6 

9-798 

41-92 

41-93 

35 

803 

703 

1-004 

1003 

0353 

0309 

9313 

030 

9-687 

33-58 

3359 

45 

1469 

1208 

1-009 

1-007 

0651 

0534 

8843 

059 

9-481 

25-65 

25-66 

55 

2976 

2403 

1-020 

1  017 

1331 

1072 

7813 

094 

9*001 

18-28 

18-31 

65 

6365 

5388 

1-015 

1041 

2918 

2461 

5674 

079 

7-916 

11-88 

11-90 

75 

13692 

12142 

... 

[6-98] 

6-98 

1921.] 


Re  vie  ics. 


397 


The  South  of  England  value  of  pfl  comes  direct  from  the 
experience,  and  that  of  pY  is  found  from  p  =  (2  —m)f(2  +  m).  The 
values  of  a0  at  age  10  are  not  known  because  the  position  of  the 
minimum  of  the  ;??-curve  is  unknown.  If  several  tables  were  being 
constructed  it  would  not.  of  course,  be  necessary  to  insert  the  four 
columns  of  figures  relating  to  the  standard  table.  These  would  be 
the  same  for  all  cases,  and  the  only  values  that  would  have  to  be 

inserted  would  be  those  of  m'[l  +  -  a'0)/m(l  +  —  «0),  colog  p\  p\ 
-  +  .  .  .  +  -tp ,  and  i. 

The  foregoing  illustration  .'-hows,  we  think,  that  abridged  life 
tables,  if  required,  can  be  constructed  quite  simply  without  the  use 
of  empirical  formulas.  We  must  add,  since  the  values  given  by  the 
formulas  have  been  tabulated  and  may  probably  be  used  for  other 
purposes,  that  the  assumption  on  which  Dr.  Snow's  process  is  based, 
namely,  that })  can  be  expressed  in  terms  of  m  with  reference  only 
to  the  particular  value  of  m  and  to  the  range  within  which  it  lies, 
and  without  any  reference  to  the  ages  to  which  it  relates,  is  open  to 
criticism.  The  relationship  between  p  and  m  depends  to  some  extent 
on  the  slope  of  the  m-curve ;  two  different  mortality  curves  may 
have  materially  different  slopes,  especially  at  the  old  ages,  at  the 
points  where  they  have  the  same  m.  Hence  Dr.  Snow's  formulas, 
obtained  by  fitting  the  England  and  Wales  curve,  will  not  necessarily 
apply  to  curves  representing  very  different  mortality.  The  following" 
is  a  comparison  of  the  values  of  10Pro  f°r  County  of  London  males 
(heavy  mortality)  and  Rural  District  females  (light  mortality),  as 
given  by  the  extended  tables  (supplement  to  the  75th  Annual 
Report,  Part  I),  with  those  given  by  Dr.  Snow's  empirical  formula  : 


m 

Extended  Table 

Snow 

County  of  London  males 
Rural  District  females 

14280 
10892 

2055 
3015 

2003 
3069 

The  differences  may  not  be  of  any  great  importance  for  practical 
purposes,  but  they  are  probably  systematic — tending  to  exaggerate 
slightly  divergences  from  the  average  of  the  standard  table.  It 
seems  not  unlikely,  for  example,  that  in  the  illustration  given  above 
the  official  value  of  wp>f5  for  the  South  (excluding  London),  namely, 
•2631,  is  somewhat  too  high  and  that  the  value  of  e  at  age  75  is 
correspondingly  over-estimated. 

We  note  one  small  misprint — 29611  for  2  9611  in  Table  2 
on  p.  xlii. 
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Reduction  of  Error  by  Linear  Compounding.    By  W.  F.  Sheppard 

Sc.D.,  L.L.M. 

[Philosophical  Transactions  of  Royal  Society  of  London.    Series  A,  vol.  221, 

pp.  199-237.J 

On  a  Class  of  Graduation  Formuke.    By  Catherine  W.  M.  Sherriff 

M.A.,  B.Sc. 

[Proceedings  of  the  Royal  Society  of  Edinburgh.  Session  1919-20  ;  pp.  112-128. j 

Although  these  two  papers  differ  materially  in  scope  and  object, 
they  have  a  common   point   of   contact   with   actuarial  work. 
Dr.  Sheppard's,  it  is  true,  does  not  refer  directly  to  graduation  ; 
it  has  an  altogether  wider  range,  being  a  re-statement,  in  a  more 
general  and  concise  (but  not,  perhaps,  to  the  ordinary  student, 
simpler)  form,  of  the  author's  earlier  work  on  reduction  of  error — 
incorporating  the  results  arrived  at  in  the  unpublished  paper 
referred  to  as  4  Fitting  II  "  in  his  articles  in  the  Journal  (vol.  xlviii, 
pp.  171,  390,  andxlix,  p.  148)  and  superseding  to  some  extent  the 
published  papers  "  Reduction  "  and  "  Fitting  I."   Miss  Sherriff  s,  on 
the  other  hand,  deals  exclusively  with  graduation,  with  special 
reference  to  the  relative  merits  for  this  purpose  of  least  square 
formulas  of  the  p0u0  -f  2£pru±r  type  {i.e.,  the  formulas  obtained  by 
fitting  a  polynomial  by  least  squares  to  the  2n  +  1  it's  of  which  u0  is 
the  central  term)  and  summation  formulas.    The  least  square 
formulas,  it  may  be  noted,  are  identical  with  those  obtained  by 
making  2p2  a  minimum,  subject  to  the  condition  that  p0ur  +  ^pru±r 
must  =u0  up  to  differences  of  a  specified  order.    This  follows  from 
the  fact  (of  which  a  general  proof  is  given  in  Dr.  Sheppard's  paper) 
that  when  the  errors  of  the  u's  are  all  independent  and  have  the 
same  mean  square,  fitting  (by  least  squares  or  moments)  and 
reduction  of  error  by  means  of  negligible  differences  give  the  same 
result ;  or  it  may  be  readily  established  for  the  particular  case  by 
writing  down  the  equations  for  2p2  a  minimum,  and  combining 
them  suitably  with  the  conditions  2p  =  l,  2rp,.  =  0,  &c.    A  useful 
feature  of  the  paper  is  a  table  giving  the  values  of  the  p's  for  j  =  3, 
5,  7  or  9  (j  being  the  degree  of  the  polynomial  or  the  order  of 
differences  to  which  the  graduated  value  of  u  is  to  be  correct)  and 
for  an  extensive  range  of  values  of  2n  +  1  (the  number  of  terms 
included  in  the  formula).    A  simple  algebraical  expression  for  the 
_p's,  with  the  constants  required  for  evaluation  when  j  =  3  or  5,  has 
been  given  by  Dr.  Sheppard  in  the  Journal  (vol.  xlviii,  pp.  178, 
181-2)  and  the  constants  for  higher  values  of  j  can  be  calculated 
from  the  general  formulas  in  "  Fitting  I "  (p.  102)  or  his  present 
paper  (p.  230  and  Appendix  IV),  but  it  is  certainly  convenient  to 
have  the  actual  numerical  values  tabulated  for  use  or  reference. 
In  discussing  the  respective  merits  of  the  least  square  formulas  and 
summation  formulas  Miss  Sherriff  shows  that  the  former  cannot  be 
expressed  in  the  ordinary  summation  form.    This  might  perhaps  be 
inferred  from  the  consideration  that  the  coefficients  resulting  from 
successive  summations  do  not  form  a  single  parabolic  curve  (as  the 
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coefficients  of  the  least  square  formulas  do)  but  a  broken  curve 
made  up  of  a  succession  of  separate  curves,  although  in  the  best 
summation  formulas,  such  as  Spencer's,  the  separate  curves  are  so 
blended  that  the  discontinuities  are  hardly  perceptible  [cf.  diagram, 
J. LA.,  vol.  xli,  p.  360).  For  example,  the  coefficients  1,  2,  3,  4.  5, 
4,  3,  2,  1,  given  by  [5]2,  form  two  straight  lines,  and  similarly  the 
coefficients  given  by  [5]3  form  three  parabolas.  Although,  however, 
the  least  square  formulas  cannot  be  expressed  in  the  convenient 
M  [m]  [p]  form,  they  can  be  expressed  in  terms  of  sums  (J.I. A., 
vol.  xlviii,  pp.  181-2).  As  a  test  of  graduating  power  Miss  Sherriff 
graduates  by  the  21-term  least  square  formula  and  Spencer's  21-term 
formula  the  values  of  two  analytical  functions  (one  of  the  third 
degree  and  the  other  a  function  of  which  the  fourth  differences  are 
relatively  negligible)  taken  to  the  nearest  integer,  so  that  the  values 
are  affected  by  casual  errors  varying  from  0  to  -5,  and  compares  the 
sums  of  the  squares  of  the  residual  errors.  The  least  square 
formula  gives  the  better  results — as  might  be  expected  since  it  has 
an  R2(  =  2p2)  of  -1076  as  compared  with  the  -J  132  of  Spencer's 
formula  (the  mean  square  of  error,  that  is  to  say,  of  each  graduated 
value  being  rather  less  than  one-ninth  of  that  of  the  ungraduated 
value  as  against  about  one-seventh) — but  the  test  is  not  necessarily 
conclusive  as  to  the  relative  merits  of  the  two  formulas.  The 
primary  object  of  modern  summation  formulas  is  to  obtain  a 
smooth  curve  (consistently,  of  course,  with  substantial  adherence  to 
the  irregular  curve  of  the  observed  values),  and  in  this  respect 
Spencer's  formula,  having  a  smoothing  coefficient  of  1/1 60,  is  much 
superior  to  the  least  square  formula,  which  has  a  smoothing 
coefficient  of  about  l/l8.  The  distinction  between  accuracy  and 
smoothness  is  clearly  stated  in  Dr.  Sheppard's  paper  in  a  short 
section  on  "  Smoothing ",  from  which  the  following  are  extracts: 
"  (i)  If  our  object  is  to  obtain  as  accurate  values  as  possible 
"  for  the  w's,  consistently  with  our  using  only  the  specified 
"  number  of  it's  for  each,  the  most  accurate  values  would  be  the 
"  «?'s  given  by  the  formulae  considered  in  this  and  the  preceding 
"  papers  "  {i.e  ,  the  least  square  formulas)  .  .  . 

"  (ii)  If  the  object  is  to  obtain  a  smooth  table  of  the  w's  as 
"  a  whole,  we  could  do  this  by  obtaining  as  accurate  values  as 
"  possible  for  the  differences  of  the  vfs  of  order  /  .  .  ." 
Summation  formulas  do  not  give  the  best  possible  values  for  the 
third  differences  of  the  w's,  but  they  aim  at  giving  an  approxi- 
mation to  those  values  consistently  with  facility  of  application. 
Miss  Sherriff  mentions  that  Prof.  Whittaker  has  proposed  as  a  test 
of   merit  the  smallness  of         —  u)2  +  A2(A3% )2    "where  A... 

measures  the  extent  to  which  we  are  willing  to  modify  the 
"  original  data  for  the  sake  of  obtaining  smoothness."  It  might  be 
possible,  by  making  +  X2(Asp)2  sl  minimum,  to  find  a  formula 
(for  an  assigned  value  of  A)  which  would  give  good  results  when 
tested  by  this  criterion,  but  it  is  doubtful  whether  for  actuarial 
purposes  it  would  be  worth  while.  If  smoothness  is  a  requisite,  the 
comparatively  slight  sacrifice  of  accuracy  entailed  by  making  it  the 
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sole  test,  i.e.,  practically  by  omitting  2p2  from  the  criterion,  would 
seem  unimportant  so  far  as  most  actuarial  data  are  concerned. 
Moreover  it  might  perhaps  be  argued  that  since  (1)  the  true  curve 
must  be  smooth,  and  (2)  the  assumption  as  to  the  errors  being- 
independent  and  having  the  same  mean  square  does  not  apply 
strictly  to  actuarial  data,  a  better  approximation  to  the  true  curve 
may  be  given  by  smoothness  (however  obtained)  than  by  a  theory  of 
accuracy  based  on  the  assumption  in  question. 

The  present  opportunity  may  be  taken  of  considering  the 
position  that  has  been  reached  in  regard  to  summation  formulas 
of  graduation.  Their  evolution  has  been  somewhat  peculiar.  It 
will  be  recalled  that  the  earliest  formula  of  the  kind  was  suggested 
by  J.  A.  Higham  (J. I. A.,  vol.  xxiii,  p.  335)  as  an  alternative  to 
Woolhouse's  interpolation  formula  (which,  however,  was  almost 
immediately  shown  by  G.  F.  Hardy  and  Ackland  to  be  itself  a 
summation  formula),  and  from  that  time  up  to  1894  the  method 
was  developed  by  its  originator  mainly  on  algebraical  lines  and 
without  any  special  theoretical  basis  except  such  as  might  be 
inferred  from  the  affinity  of  the  method  to  that  of  the  average 
interpolated  value,  and  from  the  fact  that  summation  had  the 
general  effect  of  distributing  the  irregularities  of  the  data.  As 
between  different  summation  formulas  the  test  of  merit  was  a 
comparison  of  results.  The  proof  of  the  pudding  was  in  the 
eating  rather  than  in  any  theoretical  appropriateness  in  the  recipe. 
It  was  not  until  1896  that  Hardy  (who  at  an  early  stage  had 
apparently  felt  the  necessity  for,  and  had  evolved  for  the  purpose 
of  the  Friendly  Society  formula,  a  theoretical  basis)  communicated 
to  the  Journal  his  note  on  "  Graduation  Formulas  "  (vol.  xxxii, 
p.  371).  Experimental  work  by  J.  Spencer  on  the  lines  suggested 
by  this  note  led  to  the  well-known  21-term  formula  (J. LA., 
vol.  xxxviii,  p.  338) — a  formula  much  superior  to  any  previously 
proposed.  Shortly  after  this,  Hardy  pointed  out  the  possibility 
of  determining  the  best  formula  of  given  range  (tested  by  the 
smallness  of  the  mean  error  of,  say,  AV),  and  suggested  as  a 
practical  alternative  that  a  convenient  set  of  summations  might  be 
fixed  upon  and  the  coefficients  of  the  operand  determined  so  as  to 
make  the  mean  error  of  A2  or  A3  a  minimum*  (Construction  of 
Mortality  Tables,  pp.  28-29).  This  suggestion — which  does  not 
seem  to  have  been  taken  up  at  the  time — leads  to  such  formulas  as 
the  following: 

'01[5][5][7][-5066U0  4-  -37671?^,  -  -08725?i±2  -  -25705w±3] 

with  a  smoothing  coefficient  of  1/168  and  very  similar  p'&  to  those 
of  Spencer's  formula, 

•0 1  [4] [6]  [7] [-51009m0  +  -16205u±i  +  -30346tt±2  -  -42294***] 

with  a  smoothing  coefficient  of  1/176,  and 

■01[5][13][l-9834tt0+  1  -50541^1  -  -3474«±2  -  l-3804w±3] 

#  The  writer  is  informed  that  Karup  was  the  first  to  suggest  this  course. 
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with  a  smoothing  coefficient  of  1/73.  In  1907-8  the  subject  was 
further  discussed  in  G.  J.  Lidstone  s  "  Rationale  of  Formula1  for 
Graduation  by  Summation" — which  threw  much  light  on  the  reasons 
for  the  superiority  of  one  formula  to  another  and  on  the  effect  of 
the  formulas  in  reducing  errors — and  J.  Spencer's  "Illustrations  of 
the  Employment  of  Summation  Formulas''  (J. I. A.,  vol.  xli,  pp.  318, 
361,  and  vol.  xlii,  p.  106).  A.t  this  stage  the  summation-formula 
method,  represented  by  several  excellent  practical  formulas  and 
provided  with  a  more  or  less  satisfactory  theoretical  basis,  held 
a  higher  place  than  at  any  previous  time  in  actuarial  estimation, 
and  here  matters  rested  until  the  publication  in  1912  of  the  first  of 
Dr.  Sheppard's  important  series  of  papers  dealing  with  the  reduction 
of  error  by  linear  compounding.  These  papers  do  not  affect  the 
validity  of  the  summation-formula  method  or  of  the  theoretical 
basis  given  to  it  by  Hardy  and  Lidstone.  But  they  have  unquestion- 
ably affected  the  status  of  the  method  (l)  by  showing  incidentally, 
as  particular  applications  of  a  general  theory  of  reduction  of  error, 
that  the  "best''  formulas  of  given  range  referred  to  by  Hardy  in 
the  '  Construction  of  Mortality  Tables  "  can  be  determined  and 
applied  practically  (although  possibly  with  less  facility  than 
summation  formulas),  and  further  that  they  apply  not  only  to 
u0  but,  with  suitable  modifications,  to  ur  and  any  linear  compound 
of  the  us,  such  as  A3?/,.,  thus  admitting  of  the  ends  of  a  table — 
always  a  difficulty  in  the  application  of  the  summation-formula 
method — being  dealt  with  by  a  method  consistent  with  that 
employed  for  the  intermediate  terms,  and  (2)  by  introducing 
the  test  of  "accuracy",  which  may  in  certain  circumstances  be 
preferable  to  the  test  of  "smoothness."  They  have  also  con- 
tributed materially  to  clearness  of  ideas  by  defining  with  precision 
the  conditions  on  which  the  applicability  of  the  general  theory 
depends.  Dr.  Sheppard's  algebraical  work,  being  adapted  to  the 
determination  of  the  /th  even  or  odd  central  difference  of  n'T  for 
a  general  value  of  /,  is  difficult,  but  simpler  methods  are 
available  for  deducing  the  formulas  required  for  actuarial  purposes. 
The  subject  has  recently  attracted  the  attention  of  American 
actuaries,  and  reference  may  be  made  to  papers  by  R.  Henderson 
and  J.  R.  Larus,  Jr.,  and  to  remarks  on  Larus's  paper  by  Mervyn 
Davis  (T.A.S.A.,  vol.  xvii,  p.  46,  and  vol.  xix,  pp.  14,  299). 
Larus  claims  that  with  the  aid  of  a  calculating  machine  the  work 
entailed  by  a  graduation  by  a  formula  of  maximum  smoothing-power 
is  little,  if  any,  more  than  that  required  in  the  case  of  a  simple 
summation  formula,  and  that  it  requires  fewer  checks.  If  this  is 
the  fact,  it  must  be  admitted  that  no  very  obvious  reason  can  be 
adduced  for  using  even  the  best  summation  formula  in  preference 
to  the  corresponding  formula  of  maximum  smoothing-power.  We 
have  little  doubt,  however,  that  summation  formulas  will  still  be 
used,  and  we  should  hesitate  to  say  that  at  present  there  is  any 
scientific  obligation  on  actuaries  who  have  been  accustomed  to  use 
them  in  private  work  to  give  them  up  in  favour  of  the  newer 
formulas.    They  are  simple  in  form,  convenient  in  application,  and, 
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at  their  best,  effective  instruments  of  graduation  in  any  case  in 
which  the  data  are  sufficiently  extensive  for  a  linear  compound 
to  give  good  results ;  they  also  admit  of  some  discrimination 
between  '  accuracy  "  and  "  smoothness  "  according  to  the  character 
of  the  data.  And  it  is  to  be  remembered  that  the  test  by 
which  we  say  that  they  are  not  the  "  best "  is,  although  probably 
fairly  reliable,  to  some  extent  arbitrary.  The  application  of  the 
theory  of  reduction  of  error  to  actuarial  data  has  not  yet  been 
worked  out.  There  is  usually  some  correlation  of  error  in  such 
data,  as  Dr.  Sheppard  has  pointed  out  (J. I. A.,  vol.  xxxviii, 
pp.  903-4),  and  certainly  a  great  deal  in  their  third  differences ; 
moreover  the  observations  are  of  varying  weights.  A  test  based  on 
the  assumption  that  the  errors  are  independent  and  have  the  same 
mean  square  does  not,  therefore,  enable  it  to  be  said  with  absolute 
confidence  that  a  particular  formula  is  the  "  best  "  even  as  regards 
accuracy. 


CORRESPONDENCE. 


A  NEW  METHOD  OF  VALUING  POLICIES  IN  GROUPS. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Dear  Sirs, — In  accordance  with  a  suggestion  by  Mr.  Lidstone 
I  have  tested  the  application  of  the  method  described  in  the  above- 
mentioned  paper  (J.I.A.,  April  1920),  to  the  calculation  of  expected 
claims. 

Applying  it  to  the  data  of  Tabic  I,  I  have  obtained  the  following 
results : 


Whole-Life  Assurances.       Expected  Claims  0M. 
a,  (3  method. 


Years 

of 
Birth 

Age 

Expected  Claims 

Percentage 

Groups 

Amount 

Deviation 

Deviation 

1823-29 

90-96 

394 

-  1 

•25 

1830-39 

80-89 

6,337 

-28 

•44 

1840-49 

70-79 

18,672 

+  1 

•01 

1850-59 

60-69 

18,122 

+  6 

•03 

1860-69 

50-59 

12,003 

+  4 

•03 

1870-79 

40-49 

7,157 

+  2 

•03 

1880-89 

30-39 

3,382 

-  1 

•03 

1890-98 

21-29 

671 

Total 

66,738 

-17 

•03 
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I  am  indebted  to  Mr.  Lidstone  for  pointing  out  to  me 

(1)  that  if  the  a,  (3  expression  for  the  value  be  written  in  the 

form  a'2  +  j822,  where  a  =  a  —  4*5/?,  the  multipliers  of 
a'  and  (3  can  be  obtained  by  a  double  summation,  the 
multiplications  by  4*5,  &c.,  being  thereby  avoided  ; 

(2)  that  if  the  S's  are  constant,  my  method  will  produce  accurate 

results,  whatever  the  values  of  the  u's. 

Yours  faithfully, 

H.  L.  TRACHTENJBERG. 


National  Institute  for  Jledical  Research, 
Hampstead,  N.W.  3. 

11  January  1921. 
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Superannuation  Funds.  Notes  on  some  Post-War  Problems, 
together  with  an  account  of  a  Pensioners'  Mortality  Experience 
(Civil  Service  Pensioners,  1904-1914).  Bij  G.  S.  W.  Efps, 
B.A..  F.I. A.,  of  the  Government  Actuary's  Department. 

Submitted  to  the  Institute,  21  March  1921.] 

Introductory. 

1.  ThE  ordinary  member  of  a  pension  fund,  if  asked  whether 
there  is  any  connection  between  the  high  cost  of  living  at  present 
oppressing  him  and  the  security  of  the  pension  to  which  he  looks 
forward  to  support  him  in  his  old  age  many  years  hence,  would 
probably  fail  to  discover  that  the  one  is  related  to  the  other. 
The  financial  position  of  pension  funds  is,  however,  fundamentally 
affected  by  the  sudden  drop  in  the  purchasing  power  of  the 
sovereign  during  the  last  few  years  and  more  directly  by  the 
enhanced  scales  of  salaries  or  wages  which  have  resulted  from 
the  change  in  the  value  of  money,  and  it  is  to  be  feared  that  in 
many  funds  a  very  serious  position  has  to  be  faced.  The  actuary 
who  is  called  upon  to  advise  as  to  the  situation  and  tc  formulate 
remedies  by  which  equilibrium  may  be  restored  has  not  only 
difficult  professional  problems  to  grapple  with,  but,  having  made 
up  his  mind  as  to  the  course  to  be  recommended,  he  has  to  carry 
with  him  the  responsible  officers  of  the  fund,  who  in  their  turn 
have  to  secure  the  co-operation  of  the  employer  and  also  the 
assent  of  the  i;  ordinary  member  "  of  the  fund,  to  whom  I  have 
referred  above,  to  the  remedies  put  forward. 
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In  the  following  paper  the  new  conditions  which  have  arisen 
since  the  beginning  of  the  war  are  broadly  examined,  and  it  is 
hoped  that  those  of  our  craft  who  have  had  practical  experience 
of  the  difficulties  to  be  overcome  and  of  the  pitfalls  to  be  avoided 
will  welcome  an  opportunity  of  comparing  notes  for  the  benefit 
of  the  profession  as  a  whole. 

2.  In  the  present  paper  I  have  limited  my  remarks  to  schemes 
where  the  contributions  and  benefits  vary  with  the  emoluments 
received  by  the  members.  There  are,  of  course,  especially  in 
the  case  of  wages  staffs,  schemes  where  the  rules  provide  for 
uniform  contributions  and  benefits,  and  in  many  of  these  it  will 
doubtless  be  necessary  to  revise  the  benefits  in  order  to  bring 
them  into  line  with  the  smaller  purchasing  power  of  money.  In 
such  schemes,  however,  the  increases  of  benefits  and  of  contri- 
butions would  not  arise  automatically  under  the  rules  hitherto 
in  force — as  is  the  case  in  the  schemes  discussed  in  this  paper — 
but  would  have  to  be  secured  by  something  in  the  nature  of  a 
supplementary  scheme,  special  arrangements  being  required  to 
deal  with  existing  members  as,  for  example,  are  necessary  in  the 
case  of  a  new  fund.  As  an  illustration  of  what  has  just  been 
said  I  may  refer  to  the  recent  revision  of  National  Health  Insur- 
ance. Under  the  Act  of  1920  the  benefits  and  contributions 
were  increased  by  roughly  one-half,  the  additional  contribution 
being  so  calculated  as  to  make  a  small  part  of  it  available  as  a 
sinking  fund  payment  to  redeem  the  additional  reserve  values 
which  were  required  in  the  case  of  existing  insured  persons  ;  the 
principle  of  a  uniform  contribution  payable  by  entrants  of  all 
ages,  adopted  in  the  original  scheme  of  1911,  was  thus  continued. 

3.  The  position  of  a  member  of  an  ordinary  pension  fund 
differs  from  that  of  a  person  insured  under  a  life  assurance  or 
annuity  contract  in  that  the  contributions  and  benefits  of  the 
former  are  not  definitely  fixed  in  terms  of  money  when  he  enters 
into  insurance.  He  does  not  pay  a  uniform  contribution 
year  by  year,  but  his  contributions  are  expressed  as  a 
proportion  of  the  salary  which  he  may  enjoy  when  each 
payment  falls  due.  Similarly  he  does  not  know  at  the 
outset  what  his  pension  will  be  on  retirement,  the  scheme  pro- 
viding for  the  rate  appropriate  to  his  case  to  be  ascertained, 
when  he  becomes  a  pensioner,  by  reference  to  the  length  of  his 
service  and  to  the  salary  he  has  earned  during  the  whole  or  part 
of  the  period.  It  follows  that  in  calculating  the  proportion  of 
salaries  required  as  a  contribution  to  a  fund  out  of  which  specified 
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benefits  are  to  be  provided  a  salary  scale  varying  from  age  to  age 
has  to  be  assumed,  and  that  the  financial  equilibrium  of  the 
fund  at  subsequent  valuations  depends,  inter  alia,  upon  the 
maintenance  of  that  scale.  During  recent  years  the  rates  of 
pay  both  of  salaried  staffs  and  of  wages  employees  have  increased 
very  materially  mainly  as  a  result  of  high  prices,  and  the  salary 
scales  hitherto  adopted  are  no  longer  appropriate.  The  actuarial 
basis  of  each  scheme  has  accordingly  to  be  reconsidered  ab  initio  ; 
in  the  first  place  to  ascertain  whether  the  percentage  of  salary 
payable  as  a  contribution  to  the  fund  ought  to  be  varied  in  the 
case  of  new  entrants,  and  secondly,  to  estimate  the  increased 
liability  falling  upon  the  fund  in  respect  of  existing  members. 

Post- War  Level  of  Salaries. 

4.  Very  full  information  is  given  in  the  Labour  Gazette, 
which  is  published  towards  the  end  of  each  month  by  the  Ministry 
of  Labour  as  to  current  rates  of  wages.  Articles  are  included 
monthly  summarising  changes  which  have  been  reported  in  the 
preceding  month,  and  also  awards  given  by  arbitrators  under 
various  Acts  of  Parliament,  for  example,  the  Industrial  Courts 
Acts,  1919.  Special  articles  appear  from  time  to  time  reviewing 
the  position  and  drawing  general  conclusions  as  to  the  current 
situation.  In  many  industries  agreements  have  been  made 
providing  for  the  regular  and  automatic  adjustments  of  wage 
rates  in  accordance  with  variations  in  the  cost  of  living.*  The 
general  principle  of  the  agreements  is  that  a  given  amount  of 
rise  or  fall  in  the  cost  of  living  shall  be  followed  by  a  definite 
amount  of  increase  or  decrease  in  wage  rates.  In  nearly  all 
cases,  the  statistics  compiled  each  month  by  the  Ministry  of 
Labour,  Avhich  are  designed  to  indicate  the  average  increase  in 
the  cost  of  maintaining  unchanged  the  pre-war  standard  of 
living  of  working  class  families,  have  been  adopted  as  providing 
the  most  suitable  indication  of  the  variations  in  the  cost  of 
living  for  the  purpose  of  these  agreements.  It  is  worthy  of  note 
that  in  most  cases  the  agreements  contain  provisions  under 
which  increases  in  wages,  or  bonuses,  equivalent  to  the  full 
amount  of  increase  shown  by  the  index  number,  are  granted 
only  to  the  lower  paid  workers. 

5.  From  the  point  of  view  of  our  present  enquiry  it  is 
regrettable  that  the  official  returns  deal  mainly  with  wages  staffs, 

*  Special  articles  on  this  subject  Avill  be  found  in  the  Labour  Gazette  for 
November  1919  and  December  1920. 
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and  that  less  complete  information  is  available  in  the  case  of 
salaried  staffs.  With  certain  important  exceptions  little  is 
published  officially  bearing  on  the  present  level  of  salaries,  and 
it  would  appear  that  in  most  salaried  services  official  arbitration 
is  not  sought  and  that  private  awards  are  neither  reported 
officially  to  the  Ministry  of  Labour  nor  published  in  the  news- 
papers. In  this  connection  I  was  interested  in  looldng  through 
the  files  of  the  Labour  Gazette  to  observe  that  an  award  had  been 
made  covering  the  staffs  of  the  principal  banks  in  Ireland  ;  in 
these  democratic  days  it  was  not  surprising  to  find  that  the 
notice  was  sandwiched  between  paragraphs  referring  to  "  Skip 
and  basket  manufacture  (Yorkshire)  "  and  "  Shuttle-making 
Industry  (Lancashire)  "  ! 

6.  In  one  scheme  with  which  I  am  familiar  the  war  bonus 
took  the  simple  shape  of  a  constant  addition,  together  with  a 
percentage  addition  to  pre-war  salary,  a  larger  proportionate 
increase  being  thus  automatically  secured  to  the  lower  paid 
workers.  In  other  schemes  somewhat  similar  results  are 
achieved  by  decreasing  the  percentage  of  salary  given  as  bonus 
as  the  basic  rate  rises.  Again,  some  war  bonuses  have  been 
converted  (or  part  of  them)  into  consolidated  pay,  others  are 
still  merely  temporary  adjustments  of  salary,  the  basic  rates 
remaining  unchanged.  Further,  practice  probably  differs  as  to 
the  treatment  of  war  bonus  in  reckoning  superannuation  rights  ; 
in  one  instance  I  noticed  that  in  calculating  pensions  the 
"  final  salary  "  is  normally  taken  at  the  pre-war  rate  with  the 
addition  of  three-quarters  of  the  war  bonus  current  at  the  date 
of  retirement.  Presumably,  as  soon  as  prices  become  stabilised 
new  scales  of  permanent  salaries  will  be  adopted  approximating 
to  the  old  scales  increased  by  the  war  bonuses  then  current,  but 
in  the  meantime  it  is  evident  that  the  rapidly  shifting  conditions 
make  the  selection  of  a  salary  scale  for  valuation  purposes  an 
extremely  difficult  matter. 

7.  The  cost  of  living  increased  gradually  but  continuously 
during  the  early  years  of  the  war,  the  curve  becoming  steeper 
from  the  beginning  of  1918  ;  after  a  slight  fall  in  the  middle  of 
1919  a  rapid  increase  was  observed  each  month  until  the  curve 
commenced  to  fall  in  November  last.  I  do  not  propose  to  make 
any  rash  speculation  as  to  the  level  to  which  prices  will 
ultimately  fall,  and  base  new  salary  scales  in  relation  thereto. 
In  the  present  enquiry  I  think  the  most  practical  course  is  to 
take  illustrative  examples  showing  the  effect  of  adjustment  of 
salaries  on  various  bases  : — 
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(a)  that  all  pre-war  salaries  will  be  doubled. 

(b)  that  all  pre-war  salaries  will  be  increased  by  a  level  £50 

and  by  a  proportionate  increase  of  50  per-cent. 

(c)  that  all  pre-war  salaries  will  be  increased  by  a  level  £100. 
These  adjustments  have  been  applied  to  a  pre-war  salary 

scale  commencing  at  £50  at  age  18  and  rising  to  £317  at  age  65. 
Specimen  figures  are  as  follows  : — 


Salary  Scale 

I 

II 

III 

IV 

Percentage 
addi  ion  to 
pre-war  sal- 
ary 

1 

j 

100% 

50% 

Constant 
addition  to 
pre-war  sal- 
ary 

1 
1 

£50 

£100 

Age 

Salary 

Rate  of 
Increase 

Salary 

Rate  of 
Increase 

Salary 

Rate  of 
Increase 

9  1 

Rate  of 
Inciease 

18 
20 
30 
40 

50 
60 

£ 
50 
62 
138 
225 
300 
338 

o/ 
.  o 

11 

8 

4. 
2 

1 

£ 
100 
124 

276 
450 
600 
676 

/o 

11 

8 
4 
2 

1 

£ 
125 
143 
257 

388 
500 
557 

O' 

/o 
2 

6 

34 
2 

1 

£ 
150 
162 

238 
325 
400 
438 

O' 

,  o 

4 
4 
3 
H 

i. 

The  progression  in  the  rate  of  increase  is  the  same  in  Scales  I 
and  II.  but  is  very  much  flatter  in  Scale  IV.  Scale  III  beinsr 

'J  '  o 

between  the  two. 

8.  In  adjusting  salaries  by  a  percentage  or  a  constant,  or  a 
combination  of  both,  the  salary  scale,  being  based  on  averages, 
is  arrived  at  from  the  old  scale  by  the  same  adjustment,  and  the 
financial  effect  of  the  variation  is  readily  obtained  by  calculating 
two  sets  of  commutation  columns  (i)  based  on  the  old  scale 
and  (ii)  based  on  a  constant  scale  ;  by  combining  these  any 
number  of  examples  can  easily  be  worked  out.  The  position 
is  of  course  more  complicated  where  it  is  not  practicable  to 
express  the  adjustment  in  this  simple  form,  as  the  ultimate 
effect  on  the  salary  scale  would  depend  on  the  proportions  of 
the  several  rates  of  salary  expected  at  individual  ages. 

9.  For  simplicity  I  have  assumed  in  the  examples  given  in  a 
later  stage  of  the  paper  that  the  change  of  salary  basis  ha> 
occurred  immediately  before  the  valuation ;    in  practice,  of 
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course,  the  new  level  will  only  be  reached  gradually,  but  for 
illustrative  purposes  refinement  on  this  point  does  not  seem 
necessary. 

Interest. 

10.  In  common  with  other  insurance  institutions  pension 
funds,  as  a  general  rule,  have  the  very  serious  problem  of 
depreciation  of  existing  investments  to  face.  Keserves  which 
were  accumulated  when  the  rate  of  interest  yielded  was  no  more 
than  3  or  3J  per-cent  have  dropped  to  a  level  corresponding 
with  the  high  rates  of  interest  at  present  obtainable  in  respect 
of  new  investments,  and,  apart  from  other  sources  of  loss,  serious 
deficiencies  have  doubtless  accrued  from  this  cause,  especially 
in  the  case  of  old  established  funds.  It  is,  of  course,  true  that 
materially  higher  rates  than  those  assumed  in  past  valuations 
can  be  looked  for  in  the  case  of  the  accruing  funds  to  be  invested 
for  many  years  to  come  ;  but  the  question  as  to  how  far  it  is 
prudent  to  meet  past  depreciation  by  raising  the  valuation  rate 
of  interest  is  one  of  extreme  difficulty,  the  solution  of  which 
throws  a  great  responsibility  on  the  actuary  concerned.  Different 
problems  arise  where  the  fund  has  the  benefit  of  a  guaranteed 
rate  of  interest  and  the  risk  of  depreciation,  is  absent.  In  such 
cases  the  interest  granted  was  often  in  excess  of  that  ordinarily 
obtainable  on  trustee  investments  and  the  members  have  derived 
a  substantial  benefit  from  the  guarantee  of  a  liberal  rate  without 
fear  of  depreciation  of  capital  during  the  troublous  years  of 
changing  values.  Proposals  will  doubtless  be  made  by  the 
members  of  many  of  these  funds  that  the  guaranteed  rate  of 
interest,  at  any  rate  for  future  savings,  should  be  brought  into 
line  with  the  enhanced  rates  now  prevailing  ;  but  it  is  evident 
that  in  considering  a  request  of  this  kind  all  the  circumstances 
of  the  arrangement  should  be  taken  into  account,  due  regard 
being  had  to  the  relations  of  the  guaranteeing  authority  to  the 
beneficiaries  of  the  fund,  and  to  the  advantages  which  have 
accrued  under  the  guarantee  in  the  past. 

In  a  later  stage  of  this  paper  examples  are  given  illustrating 
the  weight  of  the  interest  factor. 

Income  Tax. 

11.  Before  leaving  the  question  of  interest  it  is  fitting  to 
refer  to  the  liabilities  of  pension  funds  in  respect  of  income  tax. 
Under  existing  law  a  fund  is  required  to  pay  tax  on  all  interest 
received,  but  is  allowed  as  a  set-off  (not  exceeding  the  tax  paid 
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on  interest)  the  tax  which  is  recovered  (or  would  be  recovered 
if  its  members  were  not  wholly  or  partially  exempt)  from  the 
pensions  payable  to  superannuated  members.  The  present 
position  is  set  out  in  a  memorandum*  prepared  by  the  Board  of 
Inland  Ee venue,  at  the  request  of  the  Eoyal  Commission  on  the 
Income  Tax.  with  regard  to  the  position  of  superannuation  funds 
of  public  companies  and  corporations  in  relation  to  the  income 
tax.  By  the  courtesy  of  the  Controller  of  His  Majesty's 
Stationery  Office  this  memorandum  is  reprinted  as  an  appendix 
to  this  paper. 

12.  The  effect  of  the  present  arrangement  is  that  during  the 
early  years  of  a  scheme  interest  payments  are  subject  to  the 
full  rate  of  tax.  and  the  rapid  accumulation  of  funds  which  is 
required  at  this  stage  is  seriously  hampered  by  the  heavy  demands 
for  income  tax.  It  is  not  until  the  pension  liabilities  begin  to 
mature  that  the  fund  can  get  any  relief  from  this  strain,  and  the 
full  relief  is  not  reached  until  the  pension  commitments  are 
equal  to  the  gross  interest  receipts. 

13.  This  subject  was  examined  recently  by  the  Eoyal 
Commission  on  the  Income  Tax.  their  conclusions  being  set  out 
in  Part  III,  Section  XVI  of  their  Eeport.t  In  the  case  of 
Superannuation  Funds  the  Commission  recommended  unani- 
mously that  these  funds  should  be  exempt  from  income  tax  and 
that  all  pensions  should  be  regarded  as  income  and  assessed  in 
the  hands  of  the  recipients,  with  the  proviso  that  the  managers 
of  the  various  funds,  as  a  condition  of  exemption,  should  be 
required  to  give  all  necessary  information  for  the  due  assessment 
of  the  pensions.  This  recommendation  is,  of  course,  of  great 
importance  especially  at  the  present  time,  having  regard  to  the 
high  rate  of  tax  now  in  force. 

The  strain  of  the  present  practice  is  clearly  seen  from  the 
evidence  submitted  to  the  Commissioners.  A  witness  speaking 
on  behalf  of  a  number  of  funds  with  a  total  membership  of  over 
58,000  and  assets  of  nearly  seven  millions  (Mitchell  Q.  4465 
et  seq.)  stated  that  their  present  commitments  for  pensions  were 
less  than  one  half  of  their  income  from  investments  and  that, 
quite  apart  from  the  losses  due  to  past  depreciation,  many  funds 
were  unable  to  earn  even  on  their  new  investments  the  net  rate 
assumed  in  the  actuarial  basis. 

*  Royal  Commission  on  the  Income  Tax  ;  Appx.  48(a)  of  the  Seventh 
Instalment  of  the  Minutes  of  Evidence  (Pari.  Paper,  Cind.  288-7). 

f  Pari.  Paper,  Cmd.  615  of  1920. 
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Those  who  are  responsible  for  existing  funds  or  who  are 
proposing  to  initiate  new  schemes  will  no  doubt  be  keenly  dis- 
appointed that  legislative  sanction  for  the  above  recommendation 
was  not  included  in  the  Finance  Act  of  1920  which  gave  effect  to 
the  main  recommendations  of  the  Commissioners.* 

14.  Although  it  is  not  strictly  cognate  to  the  subject  under 
discussion  I  think  it  will  be  of  interest  to  refer  briefly  to  certain 
other  recommendations  made  in  the  same  section  of  the  Report 
in  regard  to  Provident  and  Thrift  Funds.  The  scope  of  Super- 
annuation Funds  and  Provident  Funds  respectively  was  broadly 
defined  by  the  Commissioners  as  follows  : — 


Superannuation  Funds. 

(a)  deductions  are  made  from  the 
salaries  or  wages  of  the  employees 
and  paid  over  by  the  employer 
to  the  fund  ; 

(6)  the  employer  contributes  a 
further  sum  to  the  fund  ; 

(c)  these  contributions  from  employer 

and  employees  are  invested,  and 
the  capital  of  the  fund  consists  of 
the  accumulated  contributions 
with  interest  additions  ; 

(d)  on  retirement,  at  a  specified  age 

or  on  previous  incapacity,  the 
employee  receives  from  the  fund 
a  pension,  based  on  the  salary  or 
wages  received  by  him  during  his 
period  of  service  with  the 
employer  ; 

(e)  in  the  event  of  the  employee 

leaving  the  service  of  the 
employer  he  receives  back  his 
contributions,  with  or  without 
interest,  according  to  the  con- 
stitution of  the  particular  fund  ; 

(/)  in  the  event  of  an  employee 
dying  before  he  becomes  entitled 
to  superannuation,  his  legal 
representatives  receive  a  sum 
equal  to  twice  the  amount  of  his 
contributions,  with  or  without 
interest,  according  to  the  consti- 
tution of  the  particular  fund. 


Provident  and  Thrift  Funds. 

(a)  deductions  are  made  from  the 

salaries  or  wages  of  the  em- 
ployees, and  paid  over  by  the 
employer  to  the  fund  ; 

(b)  the  employer  also  contributes  a 

sum,  usually,  but  not  necessarily, 
equivalent  to  the  amount  de- 
ducted from  the  employees  ; 

(c)  the  total  contributions  are  in- 

vested, and  the  capital  of  the 
fund  consists  of  the  accumulated 
contributions  with  interest  ; 

(d)  on  retirement  at  a  specified  age, 

or  on  previous  incapacity  or 
death,  the  employee,  or  his  legal 
representative,  receives  from  the 
fund  a  capital  sum  equal  to  his 
own  and  the  employer's  con- 
tribution with  interest ; 

(e)  in   the   event   of  an  employee 

leaving  the  service  of  the  em- 
ployer he  receives  back  his 
contributions  with  interest. 


The  Commissioners  arrived  unanimously  at  the  conclusion  that 
in  either  case  the  employer's  contribution  (if  it  is  made  to  a 
recognized  fund  and  is  irrecoverable)  could  properly  be  regarded 

*  Since  the  paper  was  read  the  law  has  been  amended  by  Section  32  of  the 
Finance  Act,  1921.  Subject  to  regulations  to  be  made  by  the  Commissioners  of 
Inland  Revenue  the  income  of  superannuation  funds  will  not  in  future  be  liable 
to  income  tax. 


1921.] 


Super  an  nuation  Funds 


413 


as  a  business  expense  and  should  be  allowed  as  a  deduction  in 
arriving  at  Lis  Income  Tax  assessment.  The  majority,  however, 
drew  a  distinction  between  the  two  types  of  funds  and  limited 
to  Superannuation  Funds  their  recommendations  : — 

(i)  that  the  contribution  of  an  employee  should  be  allowed 

as  a  deduction  from  the  income  upon  which  his  income 
tax  would  otherwise  be  charged,  and 

(ii)  that  the  interest    earned  by  the  investment  of  the 

employers'  and  employees"  contributions  should  be 
exempt. 

Mr.  Geoffrey  Marks  in  a  Reservation  to  this  Section  of  the 
Report  expressed  the  view  that  there  is  no  difference,  either  in 
their  principles  or  practice,  which  would  warrant  the  application 
of  different  principles  of  taxation  to  these  funds.  He  drew 
attention  to  the  fact  that  the  method  by  which  the  two  classes 
of  funds  are  built  up  (set  out  in  parallel  columns  above)  and  the 
benefits  which  they  give  are  identical,  except  to  the  extent  that 
there  is  no  direct  provision  in  a  Provident  and  Thrift  Fund  for 
payment  of  pensions.  Since,  however,  a  capital  sum  received 
from  such  a  fund  can  be  converted  into  an  annuity  Mr.  Marks 
concluded  that  this  power  places  the  beneficiaries  in  each  class 
of  fund  on  exactly  the  same  footing  and  recommended  that  the 
same  principles  of  taxation  should  be  applied. 

Examination  of  Maix  Problem  by  Illustrations . 

15.  Returning  to  my  main  theme  I  think  the  best  plan  will 
be  to  proceed  in  its  examination  by  a  series  of  examples.  Having 
regard  to  the  number  of  variables  which  have  to  be  taken  into 
account  in  pension  fund  problems  it  is,  of  course,  inevitable  that 
each  case  has  to  be  considered  on  its  individual  merits  and 
caution  must  be  exercised  in  drawing  general  conclusions  from 
any  particular  fund.  As  has  been  pointed  out  in  previous 
papers,  anything  in  the  nature  of  a  "  model  office  "'*,  with  which 
we  are  familiar  in  our  discussions  on  life  office  business,  is 
inappropriate  to  the  examination  of  superannuation  questions, 
but  it  is  thought  that  a  series  of  examples  using  different  salarv 
scales  applied  to  the  same  service  table  will  give  some  general 
indication  of  the  change  from  the  old  to  the  new  conditions. 

Active  Service  Table. 

16.  For  my  examples  I  have  employed  a  hypothetical  service 
table  which  is  assumed  to  relate  to  a  well  established  and  efficient 
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service  recruited  by  a  regular  flow  of  selected  entrants  at  age  18 
and  exhibiting  low  rates  of  mortality  and  of  withdrawal.  A  large 
proportion  of  the  survivors  to  age  60  retire  near  that  age,  a  few 
dropping  out  during  the  following  quinquennium,  and  the 
remainder  being  placed  on  the  pension  list  at  age  65.  Before  age  60 
superannuation  is  limited  to  cases  of  ill-health.  Specimen  rates 
of  mortality,  withdrawal  and  retirement  at  quinquennial  ages 
are  as  follows  : — 


Age 

Rate  of 

Mortality 
(active  list) 

Withdrawal 

Retirement 

18 

•001 



•018 

... 

20 

•001 

•013 

25 

•001 

•004 

•001 

30 

•001 

•001 

•002 

35 

•002 

•003 

40 

•003 

•004 

45 

•004 

•005 

50 

•007 

•010 

55 

•012 

•024 

60 

•019 

•290 

Pensioners'  Mortality  Rates. 

17.  For  the  mortality  rates  of  pensioners  I  have  had  access 
to  a  new  table  recently  compiled  from  certain  published  returns 
relating  to  retired  Civil  Servants.  As  there  are  certain  dis- 
tinctive features  in  the  experience,  a  short  account  of  the  com- 
pilation of  the  table  may  be  of  interest.  In  order  to  retain  the 
continuity  of  the  paper  I  have  reserved  for  an  Addendum  the 
examination  of  the  new  experience  from  which  both  aggregate 
and  select  tables  have  been  deduced.  In  the  examples  which 
are  given  in  the  following  paragraphs  the  select  rates  of 
pensioners'  mortality  have  been  employed  ;  but  a  comparison 
of  the  results  brought  out  by  using  the  select  and  aggregate 
tables  respectively  will  be  found  in  Part  II  of  the  Addendum, 
together  with  some  general  remarks  on  the  use  of  select  rates 
in  valuing  prospective  pensions. 

Effect  of  Increased  Salaries. 
(a)  Position  of  New  Entrants. 

18.  I  now  propose  to  deal  with  the  effect  of  increased 
salaries,  and  consider  first  the  position  of  future  entrants 
to  a  scheme.    It  is,  of  course,  evident  that  where  the  salaries 
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of  all  the  staff  have  been  increased  proportionately  the  per- 
centage of  salary  required  as  contribution  under  a  scheme  is 
not  affected.  Where,  however,  the  increases  granted  to  the 
lower  paid  officers  have  been  larger  in  relation  to  their  pre-war 
salaries  than  those  given  to  the  more  highly  paid  officers,  the 
progression  of  salary  from  age  to  age  is  affected  and  the  new 
salary  scale  is  flatter  than  the  old  scale.  It  follows  that  during 
the  early  years  of  membership  a  larger  accumulation  of  reserves 


TaUe  of  Contributions  {Entry  Age  18). 


Rate  of  Interest 

4  PER-CEXT 

5  PER-CENT 

Salary  Scale 

I 

II  i  III 

IV 

I 

II 

III 

IV 

Percentage  addi- 
tion to  pre-war 
salary  ... 

Constant  addition 
to  pre-war  salary 

100% 

50% 
£50 

£100 

100% 

50% 
£50 

0/ 
Jo 

•03 
•59 
7-35 

£100 

Contribution  : — 

(Final  Salary) 
•4%    Returns  on 

Withdrawal   . . . 
8°0    Returns  on 

Death  

Pension  (Final 

Salary) 

(n\  Tntil* 

I  CI  f    XULclX                  •  •  . 

0 

/O 

•02 
•70 
10-72 

o/ 
To 

•02 
•70 
10-72 

0/ 
/o 

•03 
•69 
9-75 

or 

/O 

•04 
•67 
8-57 

O 

-  o 
•03 
•61 
8-16 

o/ 
Jo 

•03 
•61 
8-16 

o/ 
/o 

•04 

•58 
6-38 

11-44 

11-44 

10-47 

9-28 

8-80 

8-80 

7-97 

7-00 

Reduction  from 
Scale  I  (4%)t 

Relation  to 

Scale  I  

100 

100 

•97 

92 

2- 16 
81 

2-64 

2-64 

3-47 
70 

4-44 
61 

Contribution  : — 

(Average  Salary) 
2j°0  Returns  on 

Withdrawal  ... 
5%    Returns  on 

Death  

Pension  (Average 

Salary) 

(b)  Total* 

•02 
•44 
6-56 

•02 
•44 
6-56 

•02 
•43 
6-32 

•02 
■42 
6-02 

•02 
•38 
4-99 

•02 
•38 
4-99 

•02 
•37 
4-76 

•03 
•36 
4-49 

7  02 

7-02  6-77 

6-46 

5-39 

5-39 

515 

4-88 

Reduction  from 

Scale   I  (4%)f 
Relation  to  Scale  I 

100 

...  |  ,-, 

100  i  96 

•56 
92 

1-63 
77 

1-63 
77 

1-87 
73 

2-14 
70 

*  Referred  to  below  as  "  minimum  contribution,"  i.e.,  the  contribution 
required  to  support  the  benefits  in  the  case  of  a  new  entrant. 

f  Referred  to  below  as  "  surplus  contribution." 
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can  be  made,  and  consequently  a  smaller  percentage  of  salary 
is  needed  to  support  the  benefits,  the  drop  being  more  marked 
where  pensions  are  based  on  terminal  salaries. 

19.  To  illustrate  this  point  the  contributions  needed  under 
the  various  assumptions  as  to  salaries  given  above  (para.  7)  have 
been  calculated  for  pensions  of  one-sixtieth  of  salary  for  each 
year  of  service  (without  limit)  based  on  (a)  final  salary  or  (b) 
average  salary.  In  the  former  case  returns  of  4  per-cent  of  salaries 
(without  interest)  on  withdrawal  and  8  per-cent  on  death  have 
been  assumed,  and  in  the  latter  2J  per-cent  and  5  per-cent 
respectively.  In  order  that  the  examples  may  not  be  unduly 
complicated  the  contribution  required  for  expenses  of  adminis- 
tration has  been  omitted. 

20.  It  will  be  seen  that  under  the  new  scales  of  salary  (III 
and  IV)  considerably  reduced  contributions  suffice  to  support 
the  benefits,  especially  where  pensions  are  based  on  final  salaries, 
and  that  the  proportionate  reduction  of  contribution  is  practically 
the  same  at  either  rate  of  interest.  Thus  the  change  from  I  to  IV 
reduces  the  contribution  (final  salaries)  almost  as  much  as  the 
variation  in  the  rate  of  interest,  and  the  combined  effect  of 
salary  adjustment  and  of  increased  interest  is  to  diminish  the 
contribution  by  39  per-cent.  Even  in  the  less  extreme  case 
(III)  the  contribution  can  be  abated  by  30  per-cent  of  the  old 
scale  if  interest  is  raised  to  5  per-cent. 

(b)  Valuation  Reserves. 

21.  Passing  to  the  effect  of  the  changes  on  valuation  reserves 
I  give  summaries  of  results  on  the  several  bases.  In  each  case 
the  aggregate  liabilities  in  respect  of  the  individual  benefits  are 
shown,  and  the  reserves  which  would  be  required  if  the  new 
percentage  contributions  applicable  to  new  entrants  were  payable 
only.  Smaller  reserves  are  also  shown  taking  credit  for  the  full 
percentage  contribution  assumed  to  be  payable  under  the 
existing  rules  of  the  Fund  (namely,  Salary  Scale  I,  4  per-cent 
interest) — for  convenience  these  are  called  "  valuation  reserves." 
A  stationary  membership  of  3,673  on  the  active  list  is  taken,  the 
numbers  at  individual  ages  corresponding  with  the  service  table, 
and  a  fund  of  £2,209,345  is  assumed  to  be  in  existence.  The 
change  of  salary  scale  is  deemed  to  have  taken  place  immediately 
before  the  valuation. 
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(A)  Summaries  of  Valuations. 
Pensions  based  on  Final  Salaries. 


(i)  Interest  4  per-cent. 


I 

II 

III 

IV 

Present  Value  of 
4%  Returns  on  Withdrawal 
(a)  Past  Contributions... 
(&)  Future  ,, 

£ 

240 
256 

£ 

240 
512 

£ 

240 
540 

£ 

240 

568 

Total   

496 

752 

780 

808 

on      r>    i                     t\      j  i 

S%  Returns  on  Death 
(a)  Past  Contributions... 
(&)  Future 

84,120 
83,560 

84,120 
167,120 

84,120 
142.172 

84.120 
117.224 

Total   

167,680 

251,240 

226.292 

201,344 

Pension 

(a)  Back  Service 

(b)  Future  „ 

2,123,510 
1,219,337 

4,247,020 
2,438,674 

3,502,231 
2,011,646 

2.757.442 

1,584,619 

Total   

3,342,847 

6,685,694 

5,513,877 

4,342,061 

Total  Benefits   

"  Minimum"  Contributions 

{See  Table  para.  19). 
Reserve 

3.511,023 
1,301,678 

6,937.686 
2,603,356 

5,740.949 
2,030,311 

4,544.213 
1,487,287 

2,209,345 

4,334;330 

3,710,638 

3,056,926 

;'  Surplus'1  Contributions... 
(See  footnote  to  Table, 
para.  19). 
Valuation  Reserve 

2,209,345 

4.334,330 

188,099 
3,522,539 

346,179 
2,710.747 

Deficiency  ... 
Surplus 

2.124.985 

1.313.194 

501,402 
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(ii)  Interest  5  per-cent. 


Salary  Scale 

I 

II 

III 

IV 

Present  Value  of 
4%  Returns  on  Withdrawal 
(a)  Past  Contributions 
\o )  i?  u  lure         , , 

X 

236 

9.1A 

X 

236 

236 

OIU 

X 

236 
o-±u 

rotai        ...  ... 

AIR 

71  A 

77A 

8%  Returns  on  Death 
(a)  Past  Contributions 
\0)  j:  uture         . , 

78,720 
uy,uoo 

78,720 

1 ^8  119 

78,720 

1  1  7  *i8J. 

78,720 
yo,ooo 

i.Ovail            ...  ... 

1J.7  77£ 

91  £  8*i9 

1  Qfi  1  OA 

1 7^  **7A 
1  /o,o  /  o 

Pension 

(a)  Back  Service 
(6)  Future 

1  7ftQ  9^7 

907,727 

^  ^78  p;ij. 
1,815,454 

1,497,697 

9  Q9Q  QQ7 

1,179,940 

Total   

2,696,984 

5,393,968 

4,448,653 

3,503,337 

Total  Benefits 

"  Minimum  "  Contributions 

Reserve 

2,845,236 
899,017 

5,611,516 
1,798,034 

4,645,503 
1,389,482 

3,679,489 
1,010,492 

1,946,219 

3,813,482 

3,256,021 

2,668,997 

"  Surplus  "  Contributions 
(See  footnote  to  Table, 
para.  19). 
Valuation  Reserve 

269,705 
1,676,514 

539,410 
3,274,072 

604,956 
2,651,065 

640,941 
2,028,056 

Deficiency  

Surplus 

532,831 

1,064,727 

441,720 
... 

181,289 

22.  It  is  seen  that  in  the  case  of  pensions  based  on  final 
salaries  the  revaluation  on  a  revised  salary  scale  brings  about 
a  very  severe  deficiency  which  even  in  the  most  favourable  case 
(IV)  amounts  to  18 J  per-cent  of  the  reserves  needed.  The 
position  is  improved  by  increasing  the  rate  of  interest,  but  even 
on  this  basis  only  two  valuations  show  surpluses.  Again,  in 
arriving  at  the  valuation  results  no  account  has  been  taken  of 
depreciation  of  existing  securities,  and  the  position  shown  would 
be  realised  only  where  the  fund  had  had  the  benefit  of  a  guarantee 
against  capital  depreciation.  In  the  case  of  other  funds  not  so 
happily  placed  in  this  respect,  the  heavy  strain  of  depreciation 
would,  of  course,  have  to  be  faced  in  addition  to  the  burden 
arising  from  change  of  salaries  and  a  large  part — probably  in 
many  instances  the  whole — of  the  relief  secured  by  increasing 
the  valuation  rate  of  interest  would  be  swallowed  up  in  writing 
off  the  capital  losses  of  the  last  few  years. 
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23.  Comparing  the  several  deficiencies  with  the  aggregate 
liabilities  in  respect  of  benefits  it  is  fonnd  that,  in  default  of  other 
methods  of  meeting  the  deficiency,  the  benefits  of  a  scheme  in 
respect  of  which  the  existing  assets  are  assumed  to  be  equal  to 
the  reserves  needed  under  Scale  I  at  4  per-cent.  would  have  to  be 
reduced  by  the  following  percentages  : — 


Rate  of  Interest 

4  per-cent 

5  per-cent 

Scale      I  ... 

nil 

.,  II  

31 

19 

„  III  

23 

10 

„  IV  

11 

(In  the  case  of  Scale  I  the  surplus  resulting  from  a  valuation 
at  the  higher  rate  of  interest  is  equivalent  to  nearly  20  per-cent 
of  benefits,,  the  corresponding  figure  for  Scale  IV  being  5  per-cent.) 

24.  The  deficiencies,  however,  arise  mainly  from  the  fact  that 
pensions  are  to  be  assessed  with  reference  to  final  salaries  in 
accordance  with  the  new  scales,  whereas  the  funds  have  been 
accumulated  from  contributions  derived  from  smaller  salaries 
(Scale  I).  This  is  broadly  indicated  by  a  comparison  of  the 
deficiency  (arising  on  revaluation  at  4  per-cent)  with  the 
increased  liability  in  respect  of  back-service. 


Scale 

Increased  Liability 
in  respect  of  Back 
Service 

Deficiency 

II  

Ill  

IV  

£ 

2.123.510 
1,378.721 

633,932 

£ 

2,124,985 
1.313,194 
501,402 

This  similarity  of  results  suggests  a  possible  method  of  meeting 
the  deficiency  which  might  be  practicable  in  certain  cases, 
where,  for  example,  the  new  salaries  bear  a  well-marked  relation 
to  the  old  salaries.  The  pension  might  be  calculated  in  two 
portions,  service  after  the  change  of  scale  ranking  for  sixtieths 
of  the  actual  salary  at  retirement,  whereas  back-service  would 
secure  only  a  pension  based  on  the  salary  which  would  have  been 
payable  had  the  old  conditions  continued.  Under  this  plan  the 
strain  would,  in  effect,  be  apportioned  according  to  years  of 
membership  before  and  after  the  change  respectively,  and  the 
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older  members  would  not  reap  an  unfair  advantage  at  the  expense 
of  the  younger.  Other  considerations  arise,  however,  where  the 
change  of  salary  scale  is  accompanied  by  an  alteration  of  the  rate 
of  interest.  Here  the  strain  in  applying  the  new  scale  to  back- 
service  is  not  strictly  comparable  with  the  valuation  result 
since  the  increase  of  the  rate  of  interest  has  itself  brought 
substantial  relief.  Having  regard  to  what  was  said  above  with 
respect  to  depreciation  it  might,  nevertheless,  be  found  that 
after  allowing  for  this  factor  the  resulting  deficiency  could 
equitably  be  dealt  with  by  reducing  the  back-service  rights  of 
existing  members  on  the  lines  suggested. 

25.  An  alternative  method  of  liquidating  the  deficiency 
without  involving  a  reduction  of  benefits  would  be  by  conversion 
into  an  annuity  payable  by  the  employer  or  shared  between 
him  and  the  members.  For  example,  taking  a  forty-year  term, 
the  payment  would  work  out  as  follows  : — 


Annual  payment 

Expressed  as  percentage 

for  40  years 

of  all  salaries 

Interest  4  per-cent. 

£ 

% 

Scale  II 

105,250 

71 

„  III 

65,050 

5-0 

„   iv  ... 

24,840 

2-2 

Interest  5  per-cent. 

Scale  II 

60,540 

41 

„  III 

25,120 

1-9 

26.  There  are,  however,  certain  difficulties  in  the  above 
methods  of  rearrangement  since  the  rate  of  contribution  strictly 
required  in  the  case  of  new  entrants  is  less  than  the  old  rate  and  a 
valuation  which  takes  credit  for  the  latter  contribution  includes 
negative  values  at  the  younger  ages.  This  applies  not  only  to 
some  of  the  existing  members,  in  whose  case  the  present  value 
of  the  liabilities  is  less  than  the  value  of  the  full  contribution, 
but  also  to  all  new  entrants.  Thus  so  long  as  the  basic  rate  of 
contribution  remained  unchanged  a  negative  value  would  be 
created  on  the  entry  of  each  new  member,  amounting  to  over 
£50  in  the  case  of  Salary  Scale  III  if  interest  is  assumed  at  the 
rate  of  4  per-cent,  or  £150  on  a  5  per-cent  basis.  A  steady  flow 
of  one  hundred  new  entrants  a  year  would  be  represented  by  a 
potential  profit  of  £5,000  or  £15,000  a  year  respectively.  In 
the  latter  case  this   profit,   if   realized,   would   go   a  long 
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way  to  cover  the  interest  (namely.  £22,000  a  year)  needed  on 
the  deficiency  produced  by  the  change  of  valuation  basis  as 
regards  salary  scale  and  rate  of  interest.  In  other  words,  if  the 
old  rate  of  contribution  were  retained  the  surplus  contribution- 
paid  by  new  entrants  would  cover  about  two-thirds  of  the 
deficiency  without  the  application  oi  any  special  remedie>. 
provided  that  the  regular  influx  of  new  entrants  was  continued. 

27.  Such  a  method  of  attempting  to  cam-  a  deficiency 
without  taking  specific  steps  to  secure  equilibrium  might,  however., 
be  open  to  criticism,  and  it  would  appear  preferable  to  make 
definite  arrangements  to  liquidate  the  deficiency  within  a 
reasonable  period.  One  method  of  securing  this  result  would  be 
to  adjust  the  valuation  and  take  credit  for  the  minimum  contri- 
bution only  in  the  first  instance,  negative  values  being  thus 
eliminated.  The  adjusted  deficiency  (further  increased  by  the 
burden  due  to  depreciation  of  securities)  could  then  be  converted 
into  an  annuity  payable  over  a  selected  term.  This  could  be 
expressed  as  a  percentage  of  contributions  and  divided  between 
the  employer  and  the  members  according  to  a  plan  to  be  agreed 
upon.  At  the  end  of  the  term  of  40  years  the  minimum  con- 
tribution only  would  be  required,  and  the  basic  rate  could  be 
reduced  or  the  benefits  revised  in  the  light  of  the  conditions 
then  obtaining. 

Thus,  applying  this  method  to  Salary  Scale  III,  we  get : — 


Rate  of  Interest 

4  per-cent 

5  per-cent 

£ 

£ 

Valuation  Deficiencj' 
Present  Value  of  "  Surplus  " 

1,313,194 

441,720 

Contributions  ... 

188,099 

604,956 

Adjusted  Deficiencj- 

1,501,293 

1,046,676 

Equivalent  Annuity  for  40 

years 

74,360 

59,510 

Annuity  expressed  as  Per- 

centage of  Salary 

5-7 

4-6 

"  Minimum  "  Contribution 

10-5 

8-0 

Total  contribution   for  40 

years  (all  members) 

16-2 

12-6 

Present  contribution 

11-4 

11-4 

Increase 

4-8 

1-2 

It  will  be  noticed  that  apart  from  any  loss  due  to  depreciation 
of  securities,  the  percentage  contribution  (on  the  5  per-cent 

vol.  lit.  2  H 
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basis)  would  have  to  be  more  than  1  per-cent  above  the  present 
rate. 

28.  I  now  give  the  corresponding  summaries  of  valuations 
where  pensions  are  based  on  average  salaries.  Here  a  fund  of 
£1,365,332  is  assumed  to  be  in  existence. 


(B)  Summaries  of  Valuations. 


Pensions  based  on  Average  Salariei 
(i)  Interest  4  per-cent 


Salary  Scale 

I 

II 

III 

IV 

j 

Present  Value  of 
2|%  Returns  on  WithdraAval 
(a)  Past  Contributions... 
(6)  Future 

£ 

150 
160 

£ 

150 
320 

£ 

150 
338 

£ 

150 

355 

Total 

310 

470 

488 

505 

5%  Returns  on  Death — 

(a)  Past  Contributions... 

(b)  Future 

52,575 
52,225 

52,575 
104,450 

52,575 
88,858 

52,575 
73,265 

Total 

104,800 

157,025 

141,433 

125,840 

Pension — 

(a)  Back  Service 

(b)  Future  „ 

1,060,832 
998,147 

1,060,832 
1,996,294 

1,060,832 
1,679,860 

1,060,832 
1,363,427 

Total   

2,058,979 

3,057,126 

2,740,692 

2,424,259 

Total  Benefits 

"  Minimum"  Contributions 

(See  Table,  para.  19). 
Reserve   

2,164,089 
798,757 

3,214,621 
1,597,514 

2,882,613 
1,312,818 

2,550,604 
1,035,331 

1,365,332 

1,617,107 

1,569,795 

1,515,273 

"  Surplus"  Contributions... 
(See  footnote  to  Table, 
para.  19). 
Valuation  Reserve 

1,365,332 

... 

1,617,107 

48,479 
1,521,316 

89,750 
1,425,523 

Deficiency  

Surplus 

251,775 

155,984 

60,191 
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(ii)  Interest  5  per-cent. 


Salary  Scale 

I 

II 

III 

IV 

Present  Value  of 
2i%  Returns  on  Withdrawal 
(a)  Past  Contributions... 
(6)  Future  ,, 

£ 

148 
150 

£ 

148 
300 

£ 

148 
319 

£ 

148 
338 

Total   

298 

448 

467 

486 

5%  Returns  on  Death — ■ 

(a)  Past  Contributions... 

(b)  Future 

49,200 
43,160 

49,200 
86>320 

49,200 
73,365 

49.200 
60,410 

Total   

92,360 

135,520 

122,565 

109,610 

Pension — 

(a)  Back  Service 

(b)  Future  ,, 

908,165 
752,853 

908,165 
1,505,706 

908.165 
1,265,387 

908,165 
1,025,067 

Total   

1,661,018 

2,413,871 

2,173,552 

1,933,232 

Total  Benefits   

"  Minimum1'  Contributions 

{See  Table,  para.  19). 
Reserve   

1,753,676 
550,648 

1,203,028 

2,549,839 
1,101,296 

1,448,543 

2,296,584 
897,846 

1,398,738 

2,043,328 
704,457 

1,338,871 

O  111  UlUo      V^UilLll  U  ULlUllo  *  .  . 

(See  footnote  to  Table, 
para.  19). 
Valuation  Reserve 

166  522 
1,036,506 

044 
1.115,499 

326  014 
1,072,724 

Q08  922 
1,029,949 

Deficiency  

Surplus   

328^826 

249.833 

292,608 

335,383 

29.  It  will  be  observed  that  where  the  average  salary  governs 
the  pension  the  strain  caused  by  change  of  salary  scale  is  much 
less  severe  than  that  observed  in  the  case  of  final  salary  pensions. 
More  than  one-half  of  the  total  liabilities  for  pensions  is  in  respect 
of  back-sendee  which  are,  of  course,  not  affected  by  the  change 
of  scale,  and  the  enhanced  contributions  to  be  received  in  the 
future  are  to  a  larger  extent  available  to  meet  the  burden  of 
pensions  accruing  in  respect  of  future  service.  With  the  rate 
of  interest  unchanged  a  deficiency  is,  however,  brought  out  in 
each  example,  ranging  from  4  per-cent  of  the  reserves  needed 
in  the  case  of  Scale  IV  to  15J  per  cent  (Scale  II).  If  interest 
is  increased  to  5  per-cent  a  surplus  is  found  in  each  example  : 
the  amount  of  the  surplus  in  the  several  examples  varying 
within  fairly  narrow  limits  ;  in  Scale  IV  indeed  the  change  of 
salary  brings  out  a  slightly  larger  surplus.  In  this  connection 
it  should  be  noted,  however,  that  the  favourable  position  dis- 
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closed  by  increasing  the  rate  of  interest  assumed  is  to  a  large 
extent  illusory  when  the  fund  has  itself  to  bear  the  burden  of 
depreciation,  and  that  the  considerations  to  which  I  referred 
when  dealing  with  final  salary  pensions  apply  equally  to  the 

present  case. 

Illustkation  of  a  New  Fund. 

30.  In  the  previous  examples  it  was  assumed  that  the  scheme 
had  been  in  operation  for  a  long  time  and  that  the  Fund  had 
reached  a  stationary  condition.  I  pass  now  to  consider  some 
special  problems  which  would  arise  in  connection  with  a  new 
scheme.  As  before,  I  assume  that  the  staff  consists  of  3,673 
members  recruited  by  100  new  entrants  a  year  at  age  18.  The 
benefits  to  be  provided  are  : 

(1)  Pensions  based  on  final  salary  : 

(a)  for  each  year  of  service  after  the  commencement 
of  the  scheme. 

(b)  for  each  year  of  back-service  before  the  com- 
mencement of  the  scheme. 

(2)  Returns  of  contributions  4  per-cent  on  withdrawal  and 
8  per-cent  on  death. 

The  percentage  contribution  required  for  new  entrants  at 
age  18  are,  accordingly,  the  "  minimum  "  contributions  shown 
in  the  table  in  paragraph  19  since  the  benefits  for  future  entrants 
are  the  same.  In  the  case  of  existing  members  the  normal 
benefits  are  provided  but  only  in  respect  of  future  service,  and 
half  pension  rights  for  back-service. 

31.  The  following  table  shows  the  several  contributions 
according  to  age  at  commencement  of  the  scheme  for  future 
service  and  back-service  separately  under  the  various  assump- 
tions as  to  salary  scale  : — 


Table  of  Contributions. 


Age  at 
commencement 

Future  Service  (all  benefits) 

Back  Service  (half  pensions  only) 

4  per-cent 

5  per-cent 

4  per-cent 

5  per-cent 

T&II    III  IV 

I  &  II    III  IV 

I  &  II     III  IV 

I  &  II      III  IV 

18 

25 
30 
35 
45 
55 

11-4  10-5  9-3 
11-0  10-4  9-6 

10-  9  10-5  9-9 
110  10-7  10-3 

11-  7  11-6  11-5 
13-3  13-3  13-3 

8-8    8-0  7-0 
8-6    8-2  7-5 

8-  7     8-4  7-9 

9-  0    8-8  8-5 
10-1  10-0  9-9 
12  0  12  0  120 

11     10  10 

2-  2    21  20 

3-  7     3-6  3-5 
10-0    9-9  9-8 
37-3  37-2  37  1 

•9      -8  -8 
1-7     1-7  1-6 
3  0    30  2-9 
8-6    8-6  8-5 
33-8  33-7  33-6 
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It  will  be  observed  that  the  progression  of  contribution  from 
age  to  age  is  affected  not  only  by  the  change  of  salary  scale, 
but  also  by  the  interest  factor  ;  the  contribution  tending  to 
i  ncrease  more  rapidly  with  age  where  the  salary  scale  is  natter, 
and  the  rate  of  increase  being  accelerated  when  the  higher  rate 
interest  is  assumed.  It  would  appear,  however,  that  the  relation 
of  one  scheme  to  another  at  any  given  age  is  hardly  affected  by 
the  interest  factor.  These  deductions  are  more  easily  seen  if 
the  first  part  of  the  preceding  table  is  restated  in  the  following 
form  : — 

Progression  of  Percentage  Contribution. 


Age  at  C« 

IHM  ENCEMENT 

Salary  Scale 

18 

25 

30 

35 

45 

55 

(a)  With 

reference  to  Age  IS. 

Interest  4  per-cent 
1  &  II 
III 
IV 

100 
100 
100 

96 
99 
104 

95 
100 
107 

96 
102 
111 

102 
111 
123 

1 17 

127 
143 

Interest  5  per-cent 
I  &  II 
111 
IV 

100 
100 
100 

98 
102 
107 

99 
106 
113 

102 
110 
121 

115 
126 
141 

137 
151 
171 

(b)  With 

reference  to  Scale  I. 

Interest  4  per-cent 
I  &  II 
III 
IV 

100 
92 
81 

100 

95 
88 

100 
96 
91 

100 
98 
94 

100 

99 
98 

100 
100 
100 

Interest  5  per-cent 
I  &  II 
III 
IV 

100 
91 

80 

100 
94 
87 

100 
96 
91 

100 
97 
94 

100 

99 
98 

100 
100 

99 

32.  In  the  case  of  back-service  the  figures  suggest  that  the 
change  of  salary  scale  has  little  effect  on  the  percentage  con- 
tributions required  at  individual  ages  ;  the  progression  from 
age  to  age  under  each  assumption  as  to  salary  being  similar. 

33.  In  my  illustration  I  assumed  that  membership  would  be 
compulsory  for  all  existing  officers,  and  accordingly  in  computing 
the  contributions  at  the  several  ages  I  provided  for  an  immediate 
title  to  benefits.    If  membership  were  optional  and  a  qualifying 
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period  of  (say)  10  years  before  a  pension  could  be  taken  on 
retirement  was  imposed  in  order  to  safeguard  the  scheme,  the 
progression  of  the  rate  of  contribution  from  age  to  age  would  be 
natter  than  the  figures  in  the  foregoing  table.  Another  practical 
point  is  that  by  assuming  unlimited  pensions  the  fall  in  the 
contribution  between  ages  18  and  25  is  accentuated.  If  the 
usual  arrangement  of  limiting  pensions  based  on  final  salary  to  a 
maximum  of  two-thirds  of  salary  is  adopted,  and  a  waiting 
period  of  10  years  is  imposed,  the  combined  effect  of  the  two 
adjustments  is  indicated  below  in  the  same  form  as  in  the 
preceding  table  : — 


Age  at  Entry 

18 

25 

30 

35 

45 

Scale  14%   

„    III  „   

100 
100 

100 
104 

98 
103 

97 
104 

97 
105 

„       I  5%   

„    III  „   

100 
100 

102 
106 

101 
107 

103 
112 

108 
119 

It  may  be  mentioned  that  the  recent  Departmental  Committee 
on  the  Superannuation  of  Local  Government  Officers  recom- 
mended a  uniform  contribution  irrespective  of  age  at  entry.* 
The  scheme  proposed  by  the  Committee  provided  for  a  waiting 
j^eriod,  and,  to  meet  the  case  of  existing  officers  who  become 
invalided  before  completing  ten  years  of  contributory  service, 
suggested  that  back-service  rights  might  in  these  cases  be 
assessed  beyond  the  date  of  the  commencement  of  the  scheme 
and  up  to  the  date  of  retirement.  The  percentages  of  salaries 
representing  back-service  rights  which  I  give  above  agree 
broadly  with  those  suggested  by  the  Committee  in  their  Keport. 

34.  Another  method  of  examination  is  by  comparing  the 
liabilities  arising  under  the  scheme  at  its  commencement  under 
various  assumptions,  and  in  the  following  table  I  work  out  the 
initial  deficiency  which  would  arise  in  each  case  (Scales  I,  III 
and  IV)  if  all  members  were  called  upon  to  pay  only  the 
minimum  "  contributions. 


*  Report  (Cmd.  329). 
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Summaries  of  Valuations  at  Initiation  of  New  Scheme. 


Rate  of  Interest 

4  PER-CENT 

5  PER-CENT 

.Salary  Scrilf 

I 

III 

IV 

I 

111 

IV 

Present  Value  of 
Future  service  : — 

4%  Returns  on  With- 
drawal 
8%  Returns  on  Death. 
7.V  Pensions  ... 

£ 

256 
83,560 
1,219,337 

£ 

540 
142,172 
2,011,646 

£ 

568 
117,224 
1,584,619 

£ 

240 
69,056 
907,727 

£ 

510 
117,384 
1,497,697 

£ 

540 
96,656 
1,179,940 

Total  ( future  service )  ... 
Pensions  (back  ) 

1,303.153 
1,061,755 

2,154,358 
1,751,116 

1,702,411 
1,378,721 

977,023 
894,628 

1,615,591 
1,475,478 

1,277,136 
1,161,698 

J  otai  xsenents 
"Minimum" 'Contributions* 

2,364,908 
1,301,678 

3,905,474 
2,030,311 

3,081,132 
1,487,287 

1,871,651 
899,017 

3,091,069 
1,389,482 

2,438,834 
1,010,492 

Initial  Deficiency  : — 

(i)  including  Back- 

service  ... 

(ii)  excluding  Back- 
service  ... 

1  063  *>qo 
1,475 

124,047 

1  iQ^  8-15 
215,124 

972,634 
78,006 

1  701  587 

226,109 

1  428.342 
266,644 

Conversion  of  Deficiency. 

(a)  Perpetuity : — 
Annual  Payment — 

(i)  Future  service  ... 

(ii)  Back  service 

Total   

nil. 

42,500 
42.500 

5.000 
70,000 

8,600 
55.100 

3,900 
44,700 

11,300 
73,800 

13,300 
58,100 

75,000 

63,700 

48,600 

85,100 

71,400 

°0  Salaries  : — 

(i)  Future  service  ... 

(ii)  Back  service 

Total   

nil. 
5-73 

•39 
5-40 

•78 
4-97 

•53 
6-03 

•87 
5-70 

1-20 
5-24 

a-73 

5-79 

5-75 

6-56 

6-57 

6-44 

(b)  40  year  term  : — 
Annual  Payment — 

(i)  Future  service  ... 

(ii)  Back  service 

Total   

nil. 

52,700 

6,100 
86,700 

10,600 
68,300 

78,900 

4,400 
50,900 

12,800 
83,900 

15,200 
66,000 

52,700 

92,800 

55,300 

96,700 

81,200 

°0  Salaries — 

(i)  Future  service  ... 

(ii)  Back  service 

Total   

nil. 
710 

•47 
6-70 

•96 
6-16 

•59 
6-87 

•99 
6-48 

1-37 
5-95 

7-10 

717 

712 

7-46 

7-47 

7-32 

Minimum"  Contributions* 

11-44 

10-47 

9-28 

8-80 

7-97 

7-00 

3-j.  It  will  be  observed  that  under  Scale  I  (4  per-cent)  the 
"  minimum  "  contribution  would  suffice  to  cover  all  liabilities 
except  back-sendee,*  but  that  this  relation  ceases  to  obtain 


*  The  approximate  balance  of  "  minimum  "  contributions  and  future 
service  liabilities  is  to  a  certain  extent  fortuitous,  being  due  to  the  decrease  in 
the  rate  of  contribution  for  several  ages  above  the  j^oungest  age. 
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where  a  flatter  salary  scale  is  adopted  or  the  rate  of  interest 
is  increased.  On  the  other  hand  the  relative  strain  of  back- 
service  is  less  where  the  salary  scale  is  flattened.  Taking  future 
service  and  back-service  together  the  figures  indicate,  at  any 
rate  in  the  illustration  taken,  that  the  annual  payment,  required 
to  support  the  total  initial  deficiency  in  perpetuity  or  to  liquidate 
it  within  a  term  of  40  years,  if  expressed  as  a  percentage  of 
salaries,  is  fairly  constant  whichever  salary  scale  is  assumed, 
and  that  the  percentage  is  not  much  affected  by  the  increase  of 
the  rate  of  interest. 

36.  The  foregoing  consideration  would,  at  first  sight,  suggest 
that  an  actuary  called  upon  to  advise  as  to  the  initiation  of  a 
scheme  at  the  present  time  would  not  be  unduly  troubled  as  to 
the  ultimate  shape  of  the  salary  scale.  This,  however,  is 
unfortunately  not  the  case  since,  as  has  been  pointed  out  above 
(para.  19),  the  "  minimum  "  contribution  is  governed  to  a  very 
marked  extent  by  the  particular  scale  adopted.  Further,  the 
present  uncertainty  as  to  the  future  position  of  superannuation 
funds  in  regard  to  income  tax — the  recommendations  of  the 
Royal  Commission  being  of  special  importance  to  a  new  fund — 
makes  the  choice  of  the  rate  of  interest  to  be  assumed  a  matter 
of  great  difficulty.  A  few  weeks  ago  the  initiation  of  a  new 
scheme  for  the  benefit  of  the  employees  of  a  large  firm  was 
widely  reported  in  the  Press  ;  it  would  be  interesting  to  know 
how  the  difficulties  to  which  I  have  drawn  attention  were 
overcome,  especially  having  regard  to  the  fact  that  the  newspaper 
reports  emphasized  the  point  that  the  calculations  had  been 
based  upon  the  post-war  rate  of  wages. 

Conclusion. 

37.  In  bringing  this  paper  to  a  conclusion  I  am  conscious 
that  I  have  touched  upon  only  a  few  of  the  disturbing  influences 
which  affect  the  actuarial  position  of  pension  funds  at  the 
present  time.  I  have,  for  example,  ignored  the  problems 
arising  in  the  case  of  existing  pensioners,  on  whom  the  high  cost 
of  living  presses  very  hardly.  To  meet  such  cases  of  hardship 
proposals  will  doubtless  be  made  with  a  view  to  increasing  the 
existing  pensions,  and  the  question  will  arise  from  what  source 
the  additional  liability  is  to  be  met.  Other  subjects,  to  which 
Mr.  Marks  drew  attention  in  his  address  two  years  ago  (J. I. A., 
vol.  li,  p.  202  et  seq),  and  on  which  those  who  follow  in  the  dis- 
cussion may  wish  to  express  their  views,  are  the  effect  of  the  high 
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death  rates  suffered  by  the  members  of  military  age  during  the 
war,  the  possible  strain  to  be  expected  in  respect  of  early 
retirements  in  the  future  in  the  case  of  invalided  soldiers,  and 
the  effect  of  the  postponement  of  superannuation  which  may  have 
often  occurred  among  the  older  members  during  the  war. 

38.  In  the  preparation  of  these  notes  I  have  received  great 
help,  which  I  have  pleasure  in  cordially  acknowledging,  from 
several  of  my  colleagues  in  the  Government  Actuary's  Depart- 
ment, more  especially  from  Mr.  F.  A.  A.  Menzler,  F.I. A.  ;  without 
their  assistance  this  paper  would  never  have  seen  the  light. 

ADDENDUM. 
Part  I. 

Civil  Service  Pensioners'  Experience,  1904-1914. 

1.  Every  four  years  a  return  is  presented  to  Parliament 
giving  a  list  of  Superannuation  and  Retired  Allowances  to  Civil 
Servants,  published  as  an  appendix  to  the  Estimates  for  the 
Civil  Services  (Class  VI,  Vote  1,  Superannuation  and  Retired 
Allowances)  ;  for  example,  the  Return  appended  to  the  Estimates 
for  1908-1909  related  to  pensions  in  force  on  30  November  1907, 
i.e.,  the  end  of  the  preceding  pension  year.* 

The  particulars  given  for  each  Department  (with  certain 
exceptions)  are  as  follows  : — 

(i)  Name. 

(ii)  Rank. 

(iii)  Age  at  retirement  . 

(iv)  Period  of  sendee. 

(v)  Salary  at  retirement. 

(vi)  Yearly  allowance  granted. 

(vii)  Cause  (age,  ill  health,  &c). 
(vhi)  Date  of  commencement. 

In  addition  to  particulars  of  Superannuation  Allowances  similar 
information  is  given  relating  to  Compensation  Allowances  and 
Compassionate  Allowances,  payable  for  example  where  an  office 
has  been  abolished.  The  present  enquiry  was,  however,  limited 
to  Superannuation  Allowances  payable  to  men  where  retirement 
took  place  (a)  before  age  60  owing  to  ill-health,  or  (b)  at  or  after 
age  60  owing  to  age.  Further,  certain  services,  e.g.,  Consular 
and  Diplomatic  Services,  Prison  Warders,  in  whose  case  special 

*  The  financial  year  in  the  case  of  Estimates  runs  from  1  April  to  31  March  : 
the  pension  year  from  1  December  to  30  November. 
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circumstances  obtain,  were  excluded  from  the  investigation  ; 
the  data  relating  to  women  was  too  small  to  investigate  and  was 
omitted. 

2.  To  bridge  over  the  intervals  between  the  four-yearly 
Returns  described  above,  recourse  was  had  to  the  particulars 
given  annually  in  the  Estimates  of  increases  and  decreases  of 
commitments  during  the  preceding  pension  year.  The  details 
given  in  the  Annual  Estimates  are  as  follows  : — 

(i)  Department. 

(ii)  Name. 

(iii)  Rank, 

and  in  the  case  of  new  pensions, 

(iv)  Age  at  retirement. 

(v)  Period  of  service. 

(vi)  Salary  at  retirement. 

(vii)  Cause  (age,  ill-health,  &c). 

(viii)  Yearly  allowance  granted. 

In  the  case  of  cessations  the  cause  and  the  amount  of  allowance 
only  are  given  in  addition  to  (i)-(iii).  It  is  unfortunate  that  in 
the  case  of  cessations  the  date  of  death  is  not  stated  ;  in  the 
absence  of  this  information  an  average  date  (31  May)  had  to  be 
assumed.  In  a  few  instances  (18  in  number)  pensions  ceased 
by  being  unclaimed  ;  under  the  circumstances  these  were  included 
among  the  deaths.  Again,  in  the  case  of  new  grants  the  annual 
statement  does  not  give  the  date  of  retirement ;  in  most  cases 
this  was  obtainable  from  the  next  ensuing  Return,  but  in  a  few 
cases  where  retirement  and  death  both  took  place  between  two 
successive  Returns  average  dates  of  each  had  to  be  assumed. 

3.  The  period  of  the  investigation  was  limited  to  the  last 
ten  years  before  the  war,  the  survivors  being  brought  into  the 
experience  on  the  anniversaries  of  their  retirement  in  the  year 
1903-04.  The  close  of  observation  was  similarly  taken  as  the 
anniversary  of  retirement  in  1913-14,  new  entrants  being  exposed 
for  integral  years  from  the  date  of  retirement.  In  the  absence 
of  information  as  to  dates  of  birth,  the  ages  at  retirement  were 
taken  as  ages  last  birthday.  This  assumption  is  probably 
sufficiently  accurate  even  in  the  case  of  retirements  due  to  age, 
since  it  is  not  unusual  for  superannuation  to  be  deferred  until 
the  anniversary  of  entry  is  reached,  the  pension  being  based  on 
the  number  of  completed  years. 

4.  A  summary  of  the  data  in  5  year  groups  together  with 
the  crude  death  rates  is  as  follows  : — 
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Am 

Aggregate 

Y  EARS  OF 

Pension 

Excluding 
first  5  years 
of  Pension 

Excluding 
first  10  years 
of  Pension 

Crude  Death  Rates 

attained 

last 
Birthday 

Aggre- 
gate 
Rate 

Rate 
exclud- 
ing first 
5  years 

Rate 
exclud  - 
iDg  first 
10  years 

Ex- 
posure 

Deaths 

Ex- 
posure 

Deaths 

Ex- 
posure 

Deaths 

30-34 

17 

1 

•059 

3.3-39 

73 



4 

27 

9 

•055 

40-44 

172 

13 

71 

4 

35 

3 

•076 

•056 

•086 

4.3-49 

297 

21 

169 

9 

56 

1 

•071 

•053 

•018 

50-54 

596 

35 

322 

9 

176 

5 

•059 

•028 

•028 

5.3-59 

984 

47 

557 

16 

313 

8 

•048 

•029 

•026 

60-64 

2,806 

103 

680 

30 

389 

15 

•037 

•044 

•039 

65-69 

3,911 

188 

1,672 

94 

429 

25 

•048 

•056 

•058 

70-74 

2,679 

189 

2,502 

174 

967 

75 

•071 

•070 

•078 

75-79 

1.595 

162 

1,519 

152 

1,285 

129 

•102 

•100 

•100 

S0-S4 

799 

99 

780 

96 

705 

83 

•124 

•123 

•118 

85-89 

278 

59 

274 

59 

255 

56 

•212 

•215 

•220 

90-94 

55 

14 

55 

14 

51 

13 

•255 

•255 

•255 

95 or over 

17 

7 

17 

7 

17 

7 

•412 

•412 

•412 

Total 

14,279 

942 

8,645 

664 

4,687 

420 

... 

5.  For  comparison  with  other  tables  an  aggregate  mortality 
table  was  first  prepared  and  graduated  graphically ;  the 
graduated  values  at  every  fifth  age  are  shown  in  the  following 
table  together  with  the  corresponding  figures  in  other  tables. 


1  Ag8 

Retired  Civil 
Servants 

Scottish* 
School 
Teachers 

Elementary 
School  Teachers 
(Deferred  Ann- 
uity Fund)t 

30 

•120 

35 

•084 

•100 

•182 

40 

•075 

•079 

•149 

45 

•069 

•065 

•116 

50 

•063 

•055 

•096 

55 

•052 

•049 

•092 

60 

•039 

•030 

•083 

65 

•040 

•033 

70 

•064 

•052 

.  *  Appendix  B,  Table  III,  Actuarial  Report  to  the  Scotch  Education 
Department  on  the  preparation  of  the  Superannuation  Scheme  for  Teachers, 
1911.    (Cmd.  5982). 

t  Aggregate  rates  deduced  from  the  Table  on  p.  14  of  Report  on  Super- 
annuation of  Teachers,  1914  (Cmd.  7364). 
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It  will  be  observed  that  the  new  rates  are  usually  somewhat 
greater  than,  but  agree  generally  with,  the  rates  of  pensioners' 
mortality  adopted  by  Sir  George  Hardy  and  Mr.  King  in  their 
Keport  to  the  Scotch  Education  Department  on  the  preparation 
of  the  Superannuation  Scheme  for  Teachers.  In  their  Eeport 
(para.  18)  it  is  stated  that  the  rates  "  were  derived  by  comparing 
"  the  rate  of  mortality  amongst  the  teachers  who  had  received 
"  disablement  allowance  with  the  rates  prevailing  amongst 
"  Elementary  School  Teachers,  and  with  the  rates  of  mortality 

"  amongst  pensioners  in  some  other  large  funds  "  It 

would  appear  from  the  foregoing  extract  and  from  the  corre- 
sponding figures  deduced  from  the  Elementary  School  Teachers 
Deferred  Annuity  Fund  that  the  rates  in  question  were  con- 
siderably lighter  than  the  actual  experience  of  the  past  would 
have  warranted.  I  gather,  however,  from  the  several  reports 
on  the  Deferred  Annuity  Fund  that  the  breakdown  pensions  in 
force,  before  the  improved  scheme  was  adopted,  were  so  small 
that  teachers  were  tempted  to  remain  on  the  active  list  even 
after  they  were  really  too  ill  to  work.  The  heavy  rates  of 
mortality  due  to  these  special  circumstances  are  not,  therefore, 
comparable  with  those  deduced  from  a  more  normal  experience. 
I  return  to  this  point  later  in  comparing  the  select  rates  taken 
from  the  same  investigation. 

6.  The  next  stage  in  the  Civil  Servants'  investigation  was 
the  preparation  of  select  and  ultimate  tables.  It  was  found 
that  in  the  case  of  men  superannuated  owing  to  ill-health  the 
selection  worked  off  in  about  5  years,  similarly  the  selection  of 
pensioners  retiring  at  60  or  over  continued  for  about  the 
same  period,  the  two  ultimate  tables  coalescing  near  age  70. 
Separate  ultimate  tables  were  accordingly  adopted  for  the  after 
5  years  experience  of  the  invalid  pensioners  and  age-pensioners 
respectively  running  into  a  combined  table  at  age  70.  A  com- 
parison of  the  actual  deaths  with  the  expected  deaths  according 
to  the  graduated  ultimate  tables  is  as  follows  : — 
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Age  Group 

Expected 
Deaths 

Actual 
Deaths 

Difference 

Accumulated 
Difference 

o  -on 

OO—  OC» 

- 

— 

1-9 

+ 

— 
1-9 

-±U — ±-± 

•So 

A 

-t 

•2 

1-7 

±x  <o 

D  d 

V 

2-7 

10 

OVJ—D-i 

a  o 

o 

•3 

•7 

OO—Ov 

1  t  O 

1  u 

1-6 

•9 

SIX  t\± 

_  □  a 

OU 

1-7 

•8 

OO — Ov 

JU  0 

Qi 

3-4 

4-2 

70-74 

1830 

174 

9-6 

5-4 

7.5-79 

145-1 

152 

6-9 

1-5 

80-S4 

1040 

96 

8-0 

6-5 

85-89 

50-9 

59 

8-1 

i-6 

90-94 

14-8 

14 

•8 

•8 

95  and 

6-3 

1-5 

over 

662-5 

664 

23-7 

22 -2 

7.  The  select  rates  during  the  first  five  years  after  retirement 
were  subsequently  taken  out.  and  graduated  values  running  into 
the  smooth,  ultimate  tables  were  obtained  by  the  graphic  method. 

8.  As  far  as  I  am  aware  the  only  other  published  table  of 
-elect  mortality  of  invalid  pensioners  is  that  deduced  by 
Sir  George  Hardy  and  Mr.  Fraser  from  the  experience  of  the 
Elementary  School  Teachers'  Deferred  Annuity  Fund.*  For 
comparison  the  respective  rates  of  mortality  at  quinquennial 
ages  are  shown  in  the  following  table  : — 


■v  '•  <:f  Mortality  Rates  {Invalid  Pensioners). 


Age  at 

Civil  Servants 

retire- 

ment 

w 

fflx*H 

<z*-h> 

30 

•120 

•096 

•087 

•084 

•082 

•080 

35 

•118 

•094 

•083 

•075 

•069 

•065 

40 

•115 

•086 

•067 

•056 

•049 

•044 

45 

•111 

•083 

•059 

•046 

•038 

•032 

50 

•131 

•091 

•060 

046 

•036 

•028 

55 

•149 

•100 

•066 

•052 

•042 

•036 

Male  Elementary  School  Teachers  (Hardy  and  Fraser) 

30 

•200 

•160 

•146 

•140 

•138f 

35 

•197 

•157 

•138 

•126 

•118 

40 

•192 

•145 

■116 

•095 

•081 

45 

•184 

•134 

•097 

•072 

•057 

50 

■176 

•121 

•082 

•058 

•046 

55 

•169 

•111 

•073 

•053 

•046 

60 

•162 

•105 

•070 

•056 

•053 

*  Report  on  Superannuation  of  Teachers,  1914  (Cmd.  7364).     f  Ultimate 
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As  explained  above  (para.  5)  the  Teachers'  and  Civil 
Servants'  experiences  are  not  strictly  comparable  in  view  of 
the  different  conditions  affecting  retirements  in  the  past,  and  in 
order  to  bring  the  two  tables  into  line  for  the  purpose  of  testing 
the  selection  the  ratio  of  q{x]+n  to  q[je]  has  been  taken  out  for 
comparison. 

100  fflal+n-T-fffe]. 


Civil  Servants 

Elementary  Teachers  (Males) 

Age  at 

retire- 

Duration 

Duration 

ment 

0 

1 

2 

3 

4 

5 

0 

1 

2 

3 

4 

30 

100 

80 

72 

70 

68 

67 

100 

80 

73 

70 

69 

35 

100 

80 

70 

64 

58 

55 

100 

80 

70 

64 

60 

40 

100 

75 

58 

49 

43 

38 

100 

76 

60 

49 

42 

45 

100 

75 

53 

41 

34 

29 

100 

73 

53 

39 

31 

50 

100 

69 

46 

35 

27 

21 

100 

69 

47 

33 

26 

55 

100 

67 

44 

35 

28 

24 

100 

66 

43 

31 

27 

60 

100 

65 

43 

35 

33 

Having  regard  to  the  marked  difference  between  the  actual 
mortality  rates,  both  select  and  ultimate,  the  close  similarity  of 
the  figures  in  the  above  table  is  remarkable. 

9.  Passing  to  the  mortality  experience  of  the  pensioners 
who  retired  by  reason  of  old  age,  I  give  in  the  next  table  the 
select  rates  for  ages  60  and  65  and  compare  them  with  the 
corresponding  rates  taken  from  other  tables. 


Select  Mortality  Bates  {Males). 


Age  at  Commencement  60 

Duration 

Civil 

Elementary 

British 
Offices 

Government 

Servants 

Teachers 

Annuitants 

Annuitants 

0 

•023 

* 

•017 

016 

1 

•026 

* 

•022 

•023 

2 

•029 

•027 

•029 

3 

034 

* 

033 

034 

4 

•038 

* 

•037 

•038 

Age  at  Commencement  65 

0 

•033 

•031 

•024 

•023 

1 

•040 

•033 

•032 

•033 

2 

•047 

•036 

•040 

•041 

3 

•053 

•039 

•048 

•048 

4 

•059 

•043 

•054 

•055 

*  In  the  Teachers'  experience  the  rates  at  ago  60  relate  to  invalid  lives 
and  are  not  comparable,  but  will  be  found  in  the  table  in  para.  8. 
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As  would  be  expected  the  above  table  indicates  that  a 
purchaser  of  an  annuity  is  more  select  than  a  civil  servant  who 
retires  on  the  grounds  of  age.  It  is  probable  too  that  the  apparent 
closeness  of  the  pensioner's  rates  (Civil  Servants)  with  the 
British  Offices  and  Government  Annuitants  tables  is  somewhat 
illusory.  In  comparing  civil  servants  in  1904-1914  with 
Government  annuitants  1875-1904  and  British  Offices'  annuitants 
1863-1893,  the  progressive  improvement  in  mortality  has,  of 
course,  to  be  borne  in  mind  ;  and  it  is  not  unlikely  that  an 
up-to-date  experience  of  annuitants  would  show  rates  of  mortality 
appreciably  lighter  than  those  of  the  Civil  Servants'  table. 

10.  A  similar  comparison  of  the  ultimate  rates  is  shown 
below.  In  the  case  of  the  Teachers'  experience  separate  tables 
were  given  for  lives  who  retired  disabled  before  attainment  of 
age  65,  and  for  those  who  were  superannuated  at  that  age.  A 
single  table  from  age  70  onwards  embraces  both  classes  in  the 
Civil  Service  investigation,  the  experience  not  being  sufficient 
to  warrant  separate  tables. 


Ultimate  Mortality  Rates  (Males). 


Age 
Attained 

Civil 
Servants 

Element ar 

Grantees 
of  Disable- 
ment Allow- 
ances 

Y  Teaciier> 

Grantees 
of  Super- 
annuation 
Allowances 

British 
Offices 
Annuitants 

Govt. 
Annuitants 

70 

•064 

•068 

•046 

•059 

•060 

75 

•084 

•090 

•074 

•087 

•088 

80 

•114 

•129 

•118 

•129 

•129 

85 

•161 

•190 

•180 

•190 

•190 

90 

•232 

•275 

•262 

•276 

•275 

95 

•348 

•390 

•371 

•392 

•390 

100 

•531 

•534 

•507 

•535 

•534 

It  is  probable  that  the  comparison  of  the  new  table  with 
the  annuitants'  tables  is  vitiated  for  the  reasons  advanced 
in  the  preceding  paragraph.  At  the  older  ages  the  Civil  Service 
rates  are  generally  lower  than  those  in  either  of  the  Teachers' 
tables,  but  having  regard  to  the  small  numbers  exposed  it  is 
not,  I  think,  wise  to  lay  much  stress  on  this  feature. 

11.  The  following  tables  give  the  graduated  mortality  rates 
for  each  section  of  the  experience  : — 
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1904-1914  (Males). 


(b)  Age  Pensioners. 


Age  at 
Retire- 
ment 

w 

Years  elapskd 

since  Retirement 

Age 
attained 
x  +  5 

0 

1 

2 

3 

4 

— 

5 

or  more 

'iUJ 

21*1+2 

(/se+5 

(a) 

In  va  Ik  I  Pensioner 's. 

30 

•120 

•096 

•087 

•084 

•082 

•080 

35 

1 

•120 

•096 

•087 

•083 

•081 

•078 

6 

2 

•120 

•096 

•Uoo 

ADO 

•UoZ 

•u/u 

•076 

7 

3 

•119 

•095 

•085 

•080 

•076 

•073 

8 

4 

•119 

•095 

•084 

•078 

•073 

•069 

9 

35 

•118 

•094 

•083 

•075 

•069 

•065 

40 

6 

•118 

•093 

•081 

•072 

•065 

•060 

1 

7 

117 

•092 

•U  to 

•Uoo 

.ftU  1 

•uoi 

•056 

2 

8 

117 

•090 

•074 

•064 

•057 

•052 

3 

9 

•116 

•088 

•070 

•060 

•053 

•048 

4 

40 

•115 

•086 

•067 

•056 

•049 

•044 

45 

1 

•114 

•085 

•064 

•053 

•046 

•041 

6 

o 

•113 

•084 

'UU-i 

•Uou 

.A  i  Q 

•038 

7 

3 

•112 

•083 

•061 

•048 

•041 

•036 

8 

4 

•111 

•083 

•060 

•047 

•039 

•034 

9 

45 

•111 

•083 

•059 

•046 

•038 

•032 

50 

G 

•113 

•084 

•059 

•046 

•037 

•031 

1 

•116 

•085 

•UOo 

.ft  4  K 

•UOD 

•030 

2 

8 

•120 

•086 

•058 

•045 

•035 

•029 

3 

9 

•125 

•088 

•059 

•045 

•035 

•028 

4 

50 

•131 

•091 

•060 

•046 

•036 

•028 

55 

1 

•138 

•094 

•062 

•047 

•037 

•029 

6 

2 

•145 

•097 

•064 

•049 

•039 

•030 

7 

3 

•150 

•100 

•066 

•051 

•040 

•032 

8 

4 

•152 

•102 

•067 

•052 

•041 

•034 

9 

55 

•149 

•100 

•066 

•052 

•042 

•036 

60 

G 

•143 

•097 

•064 

•051 

•043 

•038 

1 

i 

•134 

•093 

•062 

•051 

•044 

•040 

2 

8 

•122 

•087 

•060 

•050 

•045 

•043 

3 

9 

•107 

•080 

•057 

•049 

•046 

•045 

4 

fin 

•048 

65 

1 

•051 

6 

2 

•054 

7 

3 

••• 

... 

•057 

8 

4 

•061 

9 

60 

•023 

•026 

•029 

•034 

•038 

•042 

65 

1 

•024 

•028 

•032 

•037 

.041 

•046 

6 

2 

•026 

•030 

•035 

•040 

•045 

•051 

7 

3 

•028 

•033 

•038 

•044 

•050 

•055 

8 

4 

•030 

•036 

•042 

•049 

•054 

•059 

9 

65 

033 

•040 

•047 

053 

•059 

•064 

70 

Both  Classes. 


Age 
attained 

X 

1x 

70 

•064 

1 

•068 

2 

•072 

3 

•076 

4 

•080 

75 

•084 

6 

•088 

7 

•093 

8 

•099 

9 

•106 

80 

•114 

I 

•122 

2 

131 

3 

•140 

4 

•150 

85 

•161 

(5 

•173 

7 

•186 

8 

•200 

9 

•215 

90 

•232 

•251 

2 

•273 

3 

•296 

4 

•321 

95 

•348 

6 

•378 

7 

•411 

8 

•447 

9 

•487 

100 

•531 

*  Note. —  In  the  above  table  the  rates  are  carried  down  to  age  30,  but  it 
must  be  remembered  that  at  the  younger  ages  the  number  of  deaths  was  not 
sufficient  to  indicate  definite  features,  and  the  rates  should,  accordingly,  be  taken 
as  representing  the  general  trend  of  the  experience. 
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Part  II. 

Valuation  of  Pexsiox  Liabilities  by  Select  Tables. 

12.  It  will  be  of  interest  to  examine  the  effect  of  using  the 
new  select  table  in  place  of  the  aggregate  table  based  on  the 
same  experience.  At  4  per-cent  interest  the  annuity  values  are 
as  follows  : — 

Retired  Civil  Servants,  1904-14. 
Select  and  Aggregate  'Annuity-Values,  4  per-cent. 


Aye 

Difference 

+ 

30 

8-14 

7-35 

•79 

35 

9-04 

8-29 

•75 

40 

10-00 

8-85 

1-15 

45 

10-21 

9-37 

•84 

50 

9-38 

9-85 

•47 

55 

8-28 

10-08 

1-80 

56 

8-23 

10-06 

1-83 

57 

8-22 

10-01 

1-79 

58 

8-25 

9-92 

1-67 

59 

8-32 

9-79 

1-47 

60 

9-89 

9-62 

•27 

61 

9-59 

9-41 

•18 

62 

9-28 

9-16 

•12 

63 

8-97 

8-88 

•09 

64 

8-67 

8-58 

•09 

65 

8-35 

8-26 

•09 

The  select  values  rise  steadily,  reaching  a  maximum  at 
age  44,  and  then  decline  until  the  end  of  the  invalid  section  of 
the  table.  A  sudden  rise  is  shown  at  age  60  when  age  retirements 
commence.  The  aggregate  values  at  the  youngest  ages  are 
considerably  below  the  select  values  owing  to  the  preponderance 
of  new  invalids  experiencing  a  heavy  death  rate  in  the  first  few 
years  after  retirement.  The  aggregate  curve  rises  continuously 
to  age  55,  passing  the  select  curve  between  age  47  and  48,  and 
during  the  last  few  years  of  the  invalid  section  the  aggregate 
values  are  more  than  20  per-cent  in  excess  of  the  select  values, 
being  distorted  by  the  coming  influx  of  lives  retiring  under  the 
age  rules  at  60  or  later.  The  sudden  jump  in  the  select  table 
now  reverses  the  position  and  the  aggregate  annuity  is  nearly 
3  per-cent  smaller  at  age  60,  but  this  difference  gradually  narrows 
until  the  two  tables  coalesce  at  age  70. 

13.  Assuming  the  service  rates  of  mortality,  &c,  shown  in 
paragraph  16  of  the  paper  and  the  pre-war  salary  scale,  the  cost 

vol.  lii.  2  I 
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of  a  pension  based  on  sixtieths  of  salary  (without  limit)  is 
represented,  at  4  per-cent  interest,  by  the  undermentioned 
percentages  of  salary  in  the  case  of  an  entrant  at  age  18  : — 


Percentage  of  Salary- 
required  as  Contribution 

Pension  based  on 

Final  Salary 

Average  Salary 

Aggregate  Table 

Select  Table  

10-92 
10-72 

6-67 
6-56 

Decrease 

•20 

•11 

14.  Again,  applying  the  new  tables  to  a  hypothetical  fund 
(based  on  the  service  table)  which  is  assumed  to  be  recruited  by 
100  entrants  a  year  at  age  18  and  to  have  reached  a  stationary 
condition  of  3,673  members  on  the  active  list,  I  find  that  the 
value  of  the  contingent  liabilities  for  pensions  (based  on  final 
salary)  is  decreased  from  £3,392,650  to  £3,342,850,  or  1|  per-cent 
by  substituting  the  select  table  for  the  aggregate.  The  corre- 
sponding amounts  where  pensions  are  calculated  on  average 
salaries  are  £2,087,300  and  £2,059,000  respectively.  In  each 
case  the  aggregate  table  produces  larger  liabilities  up  to  age  57 
and  smaller  thereafter  ;  for  example,  in  the  case  of  pensions 
based  on  final  salary  the  present  value  of  the  aggregate  liabilities 
is  as  follows  : — 


Under  age  57 

Over  age  57 

All  ages 

Aggregate  Table 
Select  Table   

£2,852,500 
£2,796,300 

£540,150 
£546,550 

£3,392,650 
£3,342,850 

Difference 

+  56,200 

-  6,400 

+  49,800 

15.  The  use  of  select  annuities  may  possibly  be  considered 
of  somewhat  theoretical  interest  only  in  the  example  cited,  i.e., 
where  all  members  enter  at  the  same  age.  The  invalid  retire- 
ments are  assumed  to  take  place  before  age  60,  and  all  pensions 
taken  above  that  age  are  deemed  to  be  awarded  to  men  retiring 
on  the  ground  of  age.  No  overlapping  of  the  two  types  of 
retirement  thus  arises. 

16.  The  position,  however,  would  be  different  if  retirement 
between  60  and  65  was  limited  to  cases  of  ill-health  in  certain 
sections  of  the  membership,  Take  the  case  of  a  fund  consisting 
of  two  classes  of  members,  entering  at  age  20  and  at  age  25 
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respectively,  and  assume  that  retirement  is  not  allowed  until 
after  40  years'  service  except  where  a  breakdown  in  health 
occurs.  In  the  former  group  the  invalid  table  would  apply  to 
retirements  under  age  60  and  the  age  table  thereafter.  This 
table  would  not  be  appropriate  to  the  latter  group  until  age  65, 
and  lower  annuity  values  based  on  an  invalid  table  should 
properly  be  used  to  measure  the  cost  of  pensions  taken  if 
retirement  occurs  between  ages  60  and  65. 

IT.  A  similar  point  arises  in  connection  with  the  rates  of 
retirement  assumed  at  the  older  ages  where  the  conditions 
governing  superannuation  are  not  the  same.  In  a  recent  case, 
which  came  before  me,  it  was  found  necessary  to  vary  the  rates 
according  to  age  of  entry  in  order  to  obtain  a  true  measure  of 
the  respective  contributions  required  from  different  classes. 
The  additional  work  involved  was  not,  however,  serious,  as  it 
appeared  that  sufficient  accuracy  could  be  secured  by  adopting 
one  table  for  invalid  retirements  to  age  59,  and  thereafter  select- 
tables. 

18.  The  main  defect  of  an  aggregate  table  appears  to  me  to 
be  that  the  rates  are  unduly  disturbed  by  the  weight  of  new 
retirements,  and  that  the  comparison  of  one  aggregate  table  with 
another  gives  little  indication  of  the  true  mortality  experience 
unless  it  is  known  that  the  retirement  rates  are  fairly  similar. 
It  would  be  possible,  for  example,  to  have  two  experiences 
showing  identical  select  rates  of  mortality  but  widely  divergent 
aggregate  rates.  This  point  is  of  special  importance  at  the 
initiation  of  a  new  scheme,  when  the  experience  of  other  funds 
has  often  to  be  borrowed. 

In  the  examples  given  above  in  the  paper  the  calculations 
are  based  on  the  select  table  in  all  cases. 

APPENDIX. 

Memorandum  prepared  by  the  Board  of  Inland  Revenue  at  the 
request  of  the  Royal  Commission  on  the  Income  Tax  icith  regards 
to  the  position  of  Superannuation  Funds  of  Public  Companies 
and  Corporations  in  relation  to  the  Income  Tax. 

'Reprinted  from  Parliamentary  Paper  (Cmd.  288-7),  by  permission  of  the 
Controller  of  His  .Majesty's  Stationer}-  Office.] 

I.  Brief  Statement  of  Position. 
1.  The  ordinary  Superannuation  Fund  is  built  up  of  : — 

2  i  2 
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(a)  contributions  by  the  employer  ; 

(b)  contributions  by  the  employee  ; 

(c)  interest  or  dividends  on  the  invested  funds. 

There  are,  however,  numerous  funds  where  either  the 
employers  or  the  employees  make  no  contributions. 

(a)  Contributions  by  the  employer. 

2.  These  are  generally  regular  contributions  equal  to,  or 
bearing  a  fixed  proportion  to,  the  employees'  contributions. 
Such  contributions  are  allowed  to  be  deducted,  as  a  working 
expense,  in  computing  the  liability  to  Income  Tax  of  the  profits 
of  the  business  under  certain  conditions,  namely  : — 

(1)  that  the  amounts  in  question  are  definitely  alienated  by 
the  employer  and  do  not  represent  a  reserve  fund  over 
which  he  retains  control ;  and 

(2)  that  it  is  provided  that  the  employees  shall  ultimately 
benefit  to  the  full  extent  of  their  contributions. 

(b)  Contributions  by  the  employees. 

3.  The  question  whether  or  no  the  employees'  annual* 
contribution  can  be  allowed  as  a  deduction  in  assessing  his 
earnings  depends  on  the  nature  of  his  prospective  benefit  from 
the  fund. 

If  that  benefit  is  to  be  paid  in  the  form  of  a  pension  or  annuity 
on  retirement  (in  which  case  it  is  taxable  income)  the  contributions 
to  the  fund  are  allowed. 

Conversely,  if  the  benefit  is  to  be  paid  in  the  form  of  a  lump 
sum,  that  is,  of  a  payment  which  is  not  taxable,  the  contribution 
to  the  fund  is  not  allowed.  (If  it  were,  the  employee's  savings 
would  be  relieved  from  tax  altogether.) 

Where  the  benefit  is  to  be  paid  in  the  form  of  a  pension  or 
annuity  on  retirement,  but  provision  is  also  made  for  payment 
of  a  lump  sum  on  death  or  retirement  before  pension  age,  it  is 
made  a  condition  precedent  to  the  allowance  of  the  employee's 
contribution  that  tax  shall  be  accounted  for  to  the  Kevenue  on 
so  much  of  the  lump  sums  paid  on  retirement  (but  not  on  death) 
as  represent  the  returned  contributions  of  employees  liable  to 
Income  Tax. 

*  Initial  contributions,  whether  of  the  employer  or  of  the  employee,  made 
in  order  that  an  employee  with  several  years'  service  may  come  into  the  fund 
on  a  satisfactory  footing  are  disallowed  as  being  in  the  nature  of  capital 
expenditure. 
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(c)  Interest  or  dividends  on  the  invested  funds. 

4.  The  income  from  the  investments  of  a  fund  is  liable  to 
tax  in  full  like  any  other  income  of  this  nature.  On  payment  of 
pensions,  however,  the  fund  is  entitled  to  deduct  tax  at  the  full 
rate  from  the  pensions*  and  (so  far  as  the  pensions  are  paid  out 
of  the  investment  income  of  the  funds  which  has  borne  tax)  to 
retain  the  tax  so  deducted.  Thus  it  suffers  tax,  if  at  all,  only  on 
its  undistributed  income. 

5.  In  the  case  of  funds  which  have  been  in  existence  for  a 
number  of  years,  and  have  not  substantially  increased  their 
membership,  the  pensions  either  exceed  the  taxed  investment 
income  or  approximate  to  it  ;  correspondingly,  the  tax  deductible 
from  the  pensions  either  exceeds  or  approximates  to  the  tax 
paid  on  the  investment  income,  with  the  result  that  little  or  no 
tax  falls  upon  the  fund.  (This  represents  the  position  of  most 
of  the  railway  funds.) 

6.  In  the  case  of  funds  which  have  only  been  in  existence  a 
short  time  or  have  increased  their  membership  substantially, 
the  converse  holds  good  ;  that  is  to  say,  the  investment  income 
exceeds  the  pensions  paid  and  the  tax  on  the  excess  falls  upon  the 
fund. 

II.  Statement  as  to  Relief  Sought  by  the  Funds. 

7.  As  just  explained,  the  Superannuation  Funds — 

(a)  pay  Income  Tax  at  the  full  rate  on  all  their  incomes 

from  investments  ;  and 

(b)  afterwards  recoup  themselves  to  the  extent  of  tax 

at  the  full  rate  on  so  much  of  that  income  as  is 

distributed  in  pensions. 
In  other  words,  the  funds  ultimately  bear  tax  at  the  full 
rate  on  their  undistributed  income.    This  is  the  subject  of  their 
complaint. 

*  Where  a  fund  has  deducted  tax  from  a  pension  at  the  full  rate,  the 
pensioner  can  of  course  claim  any  repayment  to  which  he  may  be  entitled  by 
reference  to  the  amount  of  his  total  income.  In  order  to  save  separate  claims 
for  repaj-ment  b}*  the  individual  pensioners,  the  Inland  Revenue  Department 
has  made  an  arrangement  with  many  pension  funds  under  which  the  fund 
deducts  tax  from  the  pensions  only  to  the  extent  of  the  pensioner's  net  liability, 
the  amount  of  which  is  notified  by  the  Department  to  the  fund.  The  Depart- 
ment subsequently  repays  or  allows  to  the  fund  an  amount  representing  the 
difference  between  the  tax  at  the  full  rate  of  the  amount  of  taxed  income 
distributed  in  pensions  and  the  aggregate  liability  of  the  pensioners  in  respect 
of  their  pensions. 
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8.  The  funds  seek  relief  from  the  tax  in  whole  or  in  part, 
putting  forward  as  reasons — 

(a)  that  they  encourage  thrift,  and  that  certain  other 

funds  which  do  the  same  are  accorded  exemption  ; 
and 

(b)  that  their  individual  members  have  small  incomes 

and  consequently  are  either  exempt  or  liable  at  the 
lower  rates  of  tax  only. 

9.  The  burden  of  the  complaint  is  that  the  effect  of  the 
present  high  rates  of  Income  Tax  is  to  diminish  the  accumulations 
to  such  an  extent  that  the  funds  may  ultimately  become  insolvent, 
thereby  necessitating  either  increased  contributions  by  the 
employer  or  by  the  employee  or  both.  On  the  other  hand, 
recently  established  Superannuation  Funds,  which  are  those 
mainly  affected  by  the  burden  of  tax  on  undistributed  income, 
are  making  additional  investments  as  their  funds  increase,  and 
on  these  new  investments  they  are  earning  a  higher  gross  rate 
of  interest  than  that  anticipated  at  the  time  of  inception  of  such 
funds. 

10.  As  regards  8  (b),  the  various  kinds  of  relief  which  the 
Income  Tax  Acts  provide  for  individuals*  by  reference  to  the 
amount  of  their  total  income  do  not  extend  to  any  bodies  or 
associations  of  persons. 

11.  As  regards  8  (a),  there  is  no  general  relief  from  Income 
Tax  in  favour  of  funds  which  encourage  thrift. 

There  are,  as  the  Superannuation  Funds  point  out, 
exemptions  in  favour  of  registered  Friendly  Societies,  savings 
banks,  and  Co-operative  Societies.  As  will  be  seen,  however, 
these  exemptions  are  very  limited  in  character.  It  has,  of 
course,  to  be  borne  in  mind  that  in  each  case  the  member  or 
depositor  whose  income  exceeds  £130  is  liable  to  direct  assessment 
in  respect  of  any  income  of  a  taxable  nature  which  he  receives 
in  full  from  the  society  or  bank. 

12.  Registered  Friendly  Societies  are  exempted  from  tax  if 
they  do  not  assure  more  than  £300  or  grant  annuities  in  excess 
of  £52  a  year.  The  limit  attached  to  this  exemption  seems  to 
indicate  that  the  intention  was  to  confine  it  to  societies  all  or 
practically  all  of  whose  members  are  exempt.  The  exemption 
certainly  could  not  be  justified  if  the  limiting  conditions  were 
removed. 

*  The  only  bodies  to  which  a  similar  relief  (i.e.,  a  relief  by  reference  to  total 
income)  is  granted  are  unregistered  Friendly  Societies.  There  is  a  specific 
exemption  in  favour  of  such  societies,  where  their  income  docs  not  exceed  £160. 
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The  special  Income  Tax  provisions  relating  to  savings  banks 
do  not  affect  their  undistributed  income  except  so  far  as  it  is 
derived  from  investments  with  the  National  Debt  Commissioners. 
These  investments  are  only  made  by  the  banks'  i:  general 
departments  "  in  which  the  limit  for  deposits  is  £200.  This 
exemption  is,  therefore,  similar  to  the  last,  being  based  on  the 
assumption  that  small  depositors  would  not  be  liable  to  Income 
Tax. 

The  general  exemption  of  the  banks'  funds  under  Schedules  C 
and  D  is  expressly  confined  to  the  income  "  applied  in  the  payment 
or  credit  of  interest  to  any  depositor."  This  does  not  give  the 
savings  banks  any  advantage  over  the  Superannuation  Funds. 

13.  The  exemption  under  Schedules  C  and  D  in  favour  of 
Co-operative  Societies  is  not  very  closely  in  point  in  connection 
with  the  question  of  thrift  funds.  A  better  analogy  could  be 
drawn  with  the  Life  Insurance  companies  who  have  in  fact 
raised  a  similar  claim.  These  companies  build  up  large  reserves 
out  of  their  investment  income  in  order  to  meet  future  liabilities. 
The  policyholders  who  are  eventually  to  benefit  are  for  the  most 
part  people  liable  to  the  lower  rates  of  Income  Tax,  but  the 
undistributed  income  of  the  companies  is,  nevertheless,  taxed  at 
the  full  rate. 

14.  The  question  of  the  incidence  of  Income  Tax  on 
Superannuation  Funds  is  merely  a  part  of  the  general  question 
of  the  treatment  for  taxation  purposes  of  undistributed  income 
of  various  classes  of  public  and  private  bodies,  and  is  one  of  the 
matters  for  the  investigation  of  the  Eoyal  Commission. 


Abstract  of  the  Discussion. 

Mr.  R.  G.  MAIIDLING  said  that  the  great  change  in  the  level 
of  wages  had  placed  existing  superannuation  funds  in  a  very  serious 
position,  and  Mr.  Epps  had  shown  approximately  what  the  effect 
of  the  change  would  be.  He  (the  speaker)  had  had  to  deal  mainly 
with  railway  superannuation  funds,  and  in  the  absence  of  any 
reliable  statistical  basis  he  had  found  considerable  difficulty  in 
forming  a  new  salary  scale.  From  consideration  of  the  scale  of 
salaries  agreed  between  the  railway  companies  and  the  Railway 
Clerks'  Association,  in  the  course  of  the  settlement  which  took 
place  about  August  1919,  he  had  constructed  a  scale  which  showed 
very  much  the  same  ratio  of  increase  as  the  existing  scale,  and  in 
this  respect  it  was  like  Mr.  Epps's  scale  No.  2.  But  there  were 
some  special  features  of  the  settlement  which  materially  affected 
the  scale. 
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With  regard  to  depreciation  of  investments  in  pension  funds 
he  thought  that  unless  the  rate  of  interest  were  raised  accordingly, 
a  serious  hardship  would  fall  upon  existing  members.  As  to  the 
general  treatment  of  depreciation,  he  might  be  accused  of  heresy, 
inasmuch  as  he  could  not  bring  himself  to  write  securities  down  to 
their  present  market  value  irrespective  of  the  actual  description 
of  the  security.  He  preferred  to  make  a  reserve  for  possible  loss 
on  realization,  and  to  give  considerable  weight  to  the  fact  that 
securities  might  ultimately  recover.  If  the  capital  had  not  been 
lost  and  was  repayable  at  a  definite  date,  there  was  really  not  much 
need  for  writing  down.  He  thought  also  that  account  might  be 
taken  of  the  fact  that  with  the  increased  salaries  some  of  the 
superannuation  funds  would  rapidly  increase.  The  money  that 
was  obtained  thereby  could  now  be  invested  at  a  very  high  rate 
of  interest,  and  he  would  be  inclined  to  create  a  reserve  fund 
out  of  existing  earnings  in  order  to  provide  for  possible  loss  on  old 
investments.  This  must  involve  the  immediate  removal  from  the 
balance  sheet  of  any  security  that  was  irretrievably  bad.  One 
would  have  to  take  very  drastic  steps  with  some  Harbour  Trust 
investments,  for  instance.  Otherwise  he  was  not  inclined  to  give 
much  credit  to  present  market  values,  because  they  were  more  or 
less  fictitious,  being  the  values  which  a  man  who  was  compelled  to 
realize  was  prepared  to  take,  and  he  thought  it  would  be  extremely 
unwise  to  write  everything  down  to  that  level. 

He  hoped  that  the  Institute  would  be  able  to  make  its  influence 
felt  on  the  subject  of  income-tax.  Life  assurance  companies 
obtained  relief  in  respect  of  expenses  and  the  least  that  superannuation 
funds  might  expect  would  be  to  have  such  relief  as  would  place 
them  in  as  good  a  position  as  life  assurance  companies. 

In  some  cases  contributions  were  charged  on  bonuses  as  well  as 
on  salary.  It  seemed  to  him  that  in  such  cases  if  the  pension  were 
based  on  final  salary — which  might  be  no  more  than  the  present 
salary  and  bonus — possibly  the  men  who  had  been  paying  for  the 
last  two  or  three  years  would  get  no  return  for  their  extra  payments. 

Passing  to  the  question  of  valuation  reserves,  he  had  taken  out 
some  figures  for  railway  superannuation  funds  based  on  average 
salary.  If  the  reserves  on  the  basis  of  old  salaries  at  4  per-cent 
were  taken  as  £1,000,  on  new  salaries  at  4  per-cent  they  would  be 
£1,113  ;  at  5  per-cent  on  the  basis  of  new  salaries  the  reserve  was 
only  £806 — that  is,  a  reduction  of  20  per-cent  on  the  figure  for  the 
old  salaries  at  4  per-cent. 

In  discussing  possible  methods  of  putting  the  funds  into  a  solvent 
position,  the  author  of  the  Paper  gave  the  uniform  percentage 
reduction  of  benefits  that  would  be  necessary,  but  presumably,  he 
would  not  be  in  favour  of  that  method.  It  would  be  distinctly 
inequitable  to  apply  a  uniform  reduction  of  benefits  all  round. 
The  ingenious  method  of  dealing  with  the  deficiency  by  means  of 
varying  the  pension,  or  rather  the  amount  of  salary  allowed  as 
pension  in  respect  of  future  service  and  past  service,  might  be  a 
very  valuable  method  in  many  cases. 
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He  would  conclude  with  one  or  two  remarks  on  the  Civil  Service 
Pensioners'  Experience  appended  to  the  paper.  "Were  any 
additional  climatic  risks  included  in  this  experience  ?  The  India 
Office  was  of  course  included,  but  did  the  Colonial  Office  come  in  ? 
This  would  have  some  bearing  probably  on  the  heavy  rate  of 
mortality  in  the  first  year  after  retirement  in  the  case  of  those 
members  who  retired  before  60.  On  the  whole  the  rates  of  civil 
servants  compared  fairly  closely  with  those  of  elementary  school 
teachers  (male),  but  the  practical  value  of  the  adoption  of  select 
tables  did  not  seem  to  be  very  great.  The  differences  were 
comparatively  small,  and  perhaps  would  hardly  be  such  as  to  justify 
the  adoption  of  select  tables,  even  if  there  were  a  sufficient  volume 
of  data  to  enable  them  to  be  constructed. 

Mr.  D.  C.  FRASER  said  there  was  one  point  of  particular 
personal  interest  to  him  in  the  paper  because  Mr.  Epps  had  referred 
to  an  investigation  in  which  he  (the  speaker)  had  the  great  privilege 
of  being  associated  with  Sir  George  Hardy.  He  well  remembered 
the  circumstances  in  which  the  table  mentioned  by  Mr.  Epps  was 
produced.  It  was  the  table  giving  the  select  rates  of  mortality 
for  disabled  male  teachers,  and  he  would  like  to  say  that  the  full 
weight  of  Sir  George  Hardy's  name  and  experience  could  be  attached 
to  that  table.  In  the  winter  of  1913,  Sir  George  Hardy  was  ordered 
to  France,  and  he  (the  speaker)  was  in  communication  with  him 
and  kept  him  informed  of  what  was  going  on,  communicating 
figures  and  crude  results  to  him.  and  just  before  Christmas  he 
received  a  communication  from  Sir  George  containing  the  full 
graduation  of  the  mortality  rates  of  male  disabled  teachers,  with 
diagrams  showing  expected  and  actual  deaths,  and  a  complete 
table  which  could  be  printed  just  as  it  stood.  That  communication 
was  one  of  his  treasured  possessions.  Mr.  Epps  had  referred  to 
the  heavy  rates  of  mortality  shown  in  the  table.  They  represented 
the  experience  almost  exactly.  It  was  a  very  noticeable  feature 
that  while  the  mortality  of  male  disabled  teachers  was  extremely 
heavy,  the  mortality  of  female  disabled  teachers  was  very  light  in 
comparison.  The  circumstances  of  the  two  sexes  were  apparently 
quite  different  as  regards  disablement.  It  seemed  that  the  male 
disabled  teachers  did  not  retire  unless  and  until  they  were  absolutely 
compelled  to  do  so  ;  the  female  teachers  gave  way  more  easily  and 
retired  to  more  congenial  conditions,  domestic  life  coming  more 
naturally  to  women  than  to  men. 

Mr.  Epps  had  made  a  very  useful  comparison  of  the  effect  of 
using  select  and  aggregate  rates  of  mortality  for  Pensioners.  In  his 
own  practice  he  had  been  in  the  habit  of  giving  approximate  effect 
to  selection  by  using  a  uniform  rate  of  mortality  over  a  wide  range 
of  ages  for  the  first  year  of  superannuation,  another  uniform  rate 
for  the  second  year,  and  so  on  up  to  a  duration  of  perhaps  five  years, 
after  which  an  ordinary  aggregate  table  of  mortality  would  be 
employed.  Mr.  Epps  had,  however,  shown  that  an  aggregate  table 
might  be  employed  at  all  durations  without  much  error,  provided 
the  aggregate  experience  on  which  it  was  based  had  been  sufficiently 
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extensive.  Where  the  danger  lay  was  in  using  an  aggregate  table  in 
which  the  ultimate  experience  had  not  had  time  to  show  its  full 
effect,  with  the  result  of  giving  undue  weight  to  the  heavy  mortality 
which  was  a  usual  feature  of  the  early  years  of  superannuation. 

The  memorandum  which  Mr.  Epps  had  printed  as  an  appendix 
on  the  subject  of  income  tax  was  very  valuable  in  this  convenient 
shape.  The  subject  was  one  which  was  particularly  perplexing 
at  the  present  time,  and  he  would  like  to  put  in  a  very  strong  plea 
for  the  question  to  be  definitely  settled  one  way  or  the  other.  When 
dealing  with  pension  funds  one  was  continually  having  it  brought 
to  one's  attention  that  the  Royal  Commission  had  unanimously 
recommended  that  pension  funds  should  be  relieved  from  the  burden 
of  income  tax,  and  the  actuary  had  regretfully  to  point  out  that 
he  could  not  give  effect  to  recommendations  which  had  not  become 
law.  With  regard  to  Mr.  Maudling's  suggestion  that  pension  funds 
should  be  put  on  the  same  footing  as  insurance  companies,  the 
deduction  of  expenses  for  the  purpose  of  calculating  the  income  tax 
would  give  a  very  trifling  relief  indeed  to  pension  funds,  and  he 
hoped  that  effect  would  be  given  to  the  recommendation  that 
interest  on  pension  funds,  as  interest,  should  be  relieved  from  tax. 
At  the  present  time  that  would  be  a  most  valuable  measure  in  the 
way  of  encouraging  and  stimulating  the  formation  of  new  funds. 

On  the  question  of  depreciation  and  interest  his  own  disposition 
was  to  give  full  effect  to  depreciation,  and  also  to  the  higher  rate 
of  interest  which  one  would  then  be  justified  in  assuming.  With 
regard  to  negative  values,  he  had  one  case  of  a  fund,  which  was 
hopelessly  insolvent  as  it  was  brought  to  him,  but  in  which  very 
drastic  arrangements  had  been  made  by  high  rates  of  contribution 
to  put  the  fund  in  a  proper  position.  After  full  investigation  of 
the  circumstances,  and  being  satisfied  on  the  point  that  membership 
of  the  fund  was  compulsory  by  statutory  arrangements  and  therefore 
that  the  contributions  were  practically  guaranteed,  he  had  no 
hesitation  in  retaining  negative  values  in  the  fund.  With  reference 
to  the  use  of  select  rates  in  valuations,  he  agreed  that  there  were 
very  few  cases  in  which  this  was  practicable. 

Mr.  Epps  had  apparently  contemplated  the  alarming  possibility 
of  benefits  being  reduced,  but  he  (the  speaker)  thought  that  the 
influences  which  had  brought  about  the  great  changes  in  salaries 
and  salary  scales  were  in  most  cases  quite  strong  enough  to  secure 
that  the  safety  of  the  fund  should  not  be  brought  about  by  the 
method  of  reducing  benefits.  The  companies  and  the  organizations 
which  had  had  to  increase  salaries  could  not  turn  round  and  say 
that  they  would  reduce  pension  benefits.  In  his  experience  the 
tendency  was  to  increase  pensions  and  to  bring  in  new  benefits. 
The  one  method  of  putting  the  funds  in  a  sound  financial  condition 
was  the  method  to  which  one  was  accustomed  when  dealing  with 
new  funds — namely,  by  the  provision  of  either  a  capital  sum  or  an 
equivalent  annual  charge. 

Mr.  J.  BACON  said  that  he  would  like  to  emphasize  the  point 
which  the  author  made  that  he  was  dealing  with  only  a  portion  of 
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the  whole  problem.  The  difficulty  with  which  the  actuary  was  faced 
in  valuing  a  pension  fund  was  not  so  much  the  effect  of  a  change 
in  the  salary  scale  as  of  how  to  deduce  the  salary  scale.  He  had 
one  case  recently  in  which  no  fewer  than  80  changes  in  the  way  of 
bonus  addition  had  occurred  between  1917  and  1920.  All  these 
bonus  additions  counted  for  contribution  to  pension.  The  pension 
itself  was  based  on  final  salary,  and  the  salaries  were  to  vary  in 
accordance  with  the  cost  of  living  as  determined  by  the  Whitley 
scheme.  Given  conditions  such  as  that,  the  problem  was  to  arrive 
at  a  salary  scale.  Assuming  that  one  had  arrived  at  it — and  although 
the  Pension  Fund  might  have  a  scale  of  increasing  salary  from  age 
to  age.  that  was  not  necessarily  the  scale  to  be  applied  in  valuation 
— one  had  the  effect  of  special  promotions  as  a  result  of  the  war, 
and  of  members  coming  in  at  a  different  entry  age.  He  wished 
to  emphasize  this  in  case  any  deductions  were  drawn  from  the 
curious  agreement  of  the  rate  of  contributions  on  the  5  per-cent 
scale  with  the  rate  of  contributions  on  the  4  per-cent  ;  such 
agreement  was  probably  pure  coincidence.  None  of  the  assumptions 
which  Mr.  Epps  had  made  probably  would  apply  in  practice,  for 
then  instead  of  having  a  fixed  addition  plus  a  percentage,  or  a  fixed 
percentage,  there  would  usually  be  a  percentage  addition  decreasing 
as  the  salary  itself  increased  in  amount,  sometimes  with  a  minimum 
or  maximum.  Average  salaries  were  largely  fallacious.  Even 
before  the  war  there  was  a  tendency  for  prices  and  salaries  to  increase, 
and  that  point  had  to  be  borne  in  mind  in  deducing  salary  scales. 
The  scale  of  salary  was  only  one  feature  of  the  whole  problem. 
During  the  war,  rates  of  mortality  and  of  retirement,  of  interest 
and  of  withdrawal,  had  all  undergone  very  considerable  changes, 
and  these  must  all  be  taken  into  account. 

With  regard  to  the  rate  of  interest,  he  might  mention  one 
particular  case  in  which  it  would  certainly  be  unwise  if  not  quite 
wrong  to  take  account  of  depreciation.  There  were  certain  funds 
which  made  their  own  investments,  but  were  allowed  a  guaranteed 
rate  of  interest  on  them.  If  the  investments  were  written  down 
to  market  value,  the  rate  of  interest  on  them  would  have  to  be 
raised  above  the  guarantee. 

He  had  compared  the  rates  of  mortality  which  Mr.  Epps  had 
used  in  his  paper  with  the  pre-war  rates  of  two  railway  companies, 
a  bonus  fund  among  railwaymen,  a  borough  municipal  fund  and  a 
voluntary  .fund  on  behalf  of  a  number  of  ministers  of  a  religious 
denomination,  and  he  found  that  in  every  case  the  rates  of  mortality 
were  considerably  above  those  assumed  in  Mr.  Epps's  tables. 
Mr.  Epps.  for  instance,  in  his  active  service  table  had  given  the 
rate  of  mortality  between  the  ages  of  eighteen  and  thirty  as  -001 — 
he  gathered  that  was  empirical — and  he  found  the  rates  for  those 
ages  in  the  funds  to  which  he  had  alluded  to  be  from  '0021  to  "0029, 
the  latter  figure  being  nearly  three  times  as  high  as  the  one 
assumed  by  Mr.  Epps.  He  would  like  to  say  that  he  had  compared 
in  several  of  these  cases  the  expected  deaths  during  the  last  five 
years  with  the  actual  mortality,  and  he  found  that  during  the  war 
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period  the  mortality  of  members  on  the  active  list,  excluding  the 
deaths  on  active  service,  was  considerably  above  the  pre-war  rate. 

He  ventured  to  think  that  the  position  when  pensions  were 
based  on  final  salary  would  not  be  nearly  so  bad  as  would  appear 
from  the  paper  because  where  there  was  any  option  at  all  as  regards 
retirement,  a  man  whose  pension  had  to  be  based  on  past  salary 
would  be  likely  to  defer  his  retirement,  and  they  would  probably 
find  that  the  rates  of  retirement  would  depend  upon  how  the  pension 
was  to  be  based,  whether  on  past  or  average  salary.  That,  again, 
would  have  some  bearing  on  the  rates  of  mortality  among 
pensioners.  He  thought  there  was  no  doubt  that  mortality  among- 
pensioners  had  been  accentuated  to  some  extent  by  men  remaining 
in  the  Service,  after  they  should  have  retired.  They  remained 
during  the  war  partly  on  account  of  pressure  from  employers,  and 
partly  owing  to  the  effect  of  the  increased  cost  of  living,  which  would 
have  made  their  pensions  inadequate.  He  thought  that  some  of 
these  varying  factors  would  have  a  compensating  effect  when  they 
reached  a  state  of  equilibrium.  He  would  suggest,  in  connection 
with  municipal  pension  funds,  that  if  new  legislation  were  brought 
in  dealing  with  these  funds,  the  actuary  should  be  allowed  to 
certify  as  the  necessary  annual  contribution  not  a  fixed  amount, 
but  a  percentage  of  salaries,  so  that  there  might  be  some  relation 
between  the  contribution  paid  by  the  municipality  and  the  liability 
which  it  was  asked  to  assume. 

In  conclusion  he  held  that  the  actuary,  knowing  that  there 
were  so  many  changed  conditions,  and  that  the  experience  of  the 
past  five  years  had  been  quite  abnormal  and  was  a  very  unsafe 
guide  for  the  future,  and  being  aware  of  the  interplay  between 
mortality,  retirement,  withdrawal  and  salary,  should  not  burden 
any  fund  or  municipality  to  any  greater  extent  than  he  felt  absolutely 
bound  to  do.  Personally  he  would  certainly  not  write  down 
investments  to  their  present  market  price,  but  would  simply  set 
aside  an  investment  reserve  and  write  off  any  deficiency  there 
might  be  by  means  of  an  annuity,  believing  as  he  did  that  in  five 
or  ten  years'  time,  when  they  had  got  to  a  state  of  equilibrium,  the 
annuity  set  apart  would  probably  not  be  required,  and  by  that 
means  he  would  have  succeeded  in  giving  a  degree  of  safety  to  the 
fund  without  unduly  crippling  the  employer. 

Mr.  A.  S.  HOLNESS,  referring  to  the  experience  of  invalid 
pensioners,  thought  that  Mr.  Epps  had  erected  a  somewhat  more 
substantial  edifice  than  the  foundation  could  perhaps  bear.  In 
the  select  table  he  noticed  that  only  83  deaths  occurred  at  ages 
below  60,  and  that  deaths  in  excess  of  10  per  quinary  group  occurred 
only  at  ages  above  45,  and  even  there  the  average  was  less  than  one 
death  per  age  and  year  of  duration.  It  was  rather  difficult  from  that 
to  know  how  much  weight  to  attach  to  the  results.  A  comparison 
of  actual  and  expected  deaths  during  the  select  period  would  have 
been  useful.  That  might  have  made  it  possible  to  judge  whether 
much  weight  could  be  attached  to  the  remarkable  similarity  between 
the  rates  and  those  deduced  by  Sir  George  Hardy  and  Mr.  Praser. 
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It  seemed  to  him  to  be  more  probably  due  to  the  nature  of  the 
graduation  than  to  the  facts  themselves.  There  was  one  interesting 
point  in  this  connection  :  if  one  took  the  ratio  of  q[x]+n  to  qx+n 
very  different  results  were  brought  out  at  the  older  ages. 
At  the  age  of  35  a  comparison  between  Mr.  Epps's  figures  and  those 
of  Hardy  and  Fraser  still  showed  a  remarkable  correspondence  : 
in  the  first  year  of  duration  the  figures  were  147*5  and  147*0 
respectively  ;  but  the  rates  became  progressively  dissimilar  as  the 
age  increased,  until  at  50  Mr.  Epps's  figures  were  409  and  those  of 
Hardy  and  Fraser  329,  and  at  a  later  age  the  dissimilarity  was  even 
greater.  The  explanation  of  this  peculiarity  was  probably  that 
the  progressions  of  the  rates  in  the  select  table  and  the  ultimate 
table  were  not  similar,  that  it  to  say,  the  comparative  slope  at  the 
various  ages  was  not  the  same  in  the  two  tables.  But  at  least 
they  could  say  that  the  rates  which  Mr.  Epps  had  produced  did 
clearly  show  that  the  effect  of  this  adverse  select  table  was  very 
great  indeed.  He  was  rather  puzzled  to  account  for  Mr.  Epps's 
remark  that  the  effect  of  selection  wore  off  in  five  years.  Surely 
the  effect  of  adverse  selection  was  still  persisting  to  a  very  large 
degree.  There  were  one  or  two  cases  in  which  adverse  selection 
occurred  in  life  assurance  practice  ;  for  example,  term  assurances, 
with  the  option  of  effecting  a  new  assurance  during  the  term  without 
fresh  medical  examination  at  the  rate  of  premium  for  the  age  at 
conversion.  The  option  premiums  were  intended  to  be  a  measure 
of  the  effect  of  medical  selection.  But  there  was  something  further 
to  be  taken  into  account :  in  his  experience  the  number  of  cases 
in  which  the  option  was  exercised  was  comparatively  small,  and 
one  might  safely  say  that  where  the  life  at  the  time  when  the  option 
could  be  exercised  was  very  bad  it  would  certainly  be  exercised. 
The  effect  of  this  was  that  the  cases  which  were  converted  contained 
an  unusually  large  number  of  very  bad  lives.  On  the  other  hand, 
as  a  set-off  against  the  mortality  loss  in  these  cases  there  was  a 
profit  in  respect  of  the  option  premiums  which  remained  in  the  fund 
in  the  case  of  all  those  who  did  not  exercise  the  option,  but  dropped 
their  policies.  The  result  would  depend  upon  the  relative  amounts 
of  this  profit  and  the  mortality  loss.  He  could  not  say  that  the 
system  was  unprofitable,  but  if  it  were  profitable  it  was  more  a 
matter  of  chance  than  of  the  premium  being  on  a  scientific  basis. 

Mr.  S.  G.  WARNER  said  that  the  question  how  depreciation 
of  securities  should  be  dealt  with  was  one  of  considerable  difficulty, 
and  there  seemed  to  be  rather  varied  opinions  upon  it.  The  view 
he  had  been  disposed  to  take  was  on  the  whole  that  depreciation 
should  be  severely  dealt  with,  but  that  there  should  be  little 
hesitation  about  using  something  nearly  approaching  the  rate  of 
interest  which  that  depreciation  revealed  as  having  been  seemed. 
It  depended  very  largely  of  course  on  the  kind  of  investment  and 
the  causes  of  depreciation,  and  of  those  two  points  the  second  was 
the  more  difficult  to  assess. 

It  was  easy  to  say  they  must  assume  the  investments  to  be 
good  and  sound.    But  then  came  the  question  why  it  was  that  they 
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were  at  such  a  low  level.  That  might  arise  from  obvious  causes 
such  as  the  condition  of  the  money  market  and  the  price  of  money, 
and  it  might  arise  from  uneasiness  and  foreboding  as  to  the  future. 
The  latter  might  be  particularly  the  case  at  the  present  moment 
with  the  majority  of  railway  securities.  Still,  it  might  be  considered 
probable  that  anyone  who  would  not  write  off  depreciation,  but 
would  set  up  a  reserve  fund  instead,  would  have  a  fair  conviction 
that  a  good  deal  of  the  lost  value  was  going  to  return,  and  that 
the  depreciation  was  related  not  so  much  to  the  intrinsic  value  of 
the  security  as  to  the  results  of  general  financial  conditions  which 
it  might  be  hoped  would  be  fairly  temporary.  In  that  case  and 
on  those  assumptions  it  certainly  had  seemed  to  him  that  the  best 
and  most  straightforward  course  was  to  face  the  facts  as  they  stood 
and  not  take  credit  on  the  one  hand  for  values  which  they  knew  were 
not  at  the  moment  obtainable,  and  set  up  on  the  other  a  reserve 
the  adequacy  of  which  no  one  examining  the  account  had  any 
means  of  ascertaining.  An  objection  had  been  made  on  the  ground 
that  valuation  was  a  thing  for  all  time.  But  he  did  not  see  why 
the  rate  of  interest  should  not  be  quite  elastic,  varying  with  money 
market  conditions,  just  as  depreciation  of  securities  varied.  If 
they  had  securities  which  were  redeemable  at  fixed  rates,  and  were 
certain  that  those  securities  would  be  paid  in  full,  and  that  they 
were  depreciated  owing  to  temporary  conditions,  then  if  they  took 
credit  for  market  values  in  the  balance  sheet,  that  automatically 
gave  them  a  higher  rate  of  interest.  As  between  the  two  suggestions 
(1)  declining  to  write  down  the  securities  and  to  face  their  present 
depreciation  on  the  assumption  that  it  was  temporary  and  setting 
up  a  reserve  fund  instead  of  writing  them  down,  and  (2)  the 
alternative  of  writing  them  down  to  the  absolute  market  value 
and  dealing  more  liberally  with  the  rate  of  interest,  he  himself 
would  be  inclined  to  favour  the  second  alternative. 

Mr.  L.  E.  CLINTON  said  that  it  had  been  suggested  in  the  discus- 
sion that  in  practice  increases  of  salary  did  not  take  the  convenient 
forms  which  Mr.  Epps  assumed  in  his  paper.  No  doubt  the  author 
had  made  those  convenient  assumptions  in  order  to  save  unnecessary 
labour.  He  could  have  taken  scales  which  showed  irregular  increases 
from  age  to  age  and  still  have  worked  out  his  examples  by  means 
of  one  valuation.  He  could  have  done  this  by  using  Mr.  K.  P. 
Hardy's  method  of  "  ages  passed  through."  In  one  of  the  President's 
lectures  on  friendly  societies  it  was  shown  how  effect  could  be  given 
to  the  variation  of  the  standard  rates  of  sickness  from  age  to  age. 
Substituting  the  salary  rate  for  the  rate  of  sickness  it  would  be  seen 
that  a  pension  fund  valuation  could  be  easily  thrown  into  a  form 
which  would  enable  any  number  of  valuations  with  varying  salary 
scales  to  be  made  with  very  little  additional  work. 

With  regard  to  depreciation,  he  rather  agreed  with  those 
speakers  who  had  expressed  the  opinion  that  it  was  not  necessary 
to  saddle  existing  contributors  with  the  whole  of  the  depreciation 
shown  by  present  market  values.  He  looked  at  it  from  this 
standpoint :   pension  funds  and  life  assurance  companies  fell  into 
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totally  different  categories.  Pension  funds  were  established  to 
provide  annuities  in  the  future,  life  assurance  funds  to  make  capital 
payments,  and  it  seemed  to  him  that  in  the  former  case  whilst  one 
had  got  to  investigate  very  closely  the  nature  of  the  securities,  yet 
provided  the  income  was  secure  there  was  no  necessity  to  deal  so 
harshly  with  this  question  of  depreciation.  Xo  doubt  some 
irredeemable  securities  should  be  written  down,  but,  generally 
speaking,  he  felt  that  the  amortisation  plan  of  valuing  securities 
was  a  suitable  one  to  apply  in  the  case  of  pension  funds,  a  rate  of 
interest  slightly  higher  than  the  valuation  rate  being  used  in 
applying  the  plan. 

Mr.  Maudling  had  suggested  that  pension  funds  should  have  at 
least  the  same  privileges  with  regard  to  income  tax  as  life  offices. 
It  appeared  to  him  that  in  regard  to  the  main  basis  of  taxation 
that  was  already  the  case.  In  pension  funds  the  basis  of  taxation 
was  interest  less  pensions,  and  in  life  offices  having  annuity  funds 
it  was  interest  less  annuities.  Most  of  them  would  agree  that 
pension  funds,  being  entirely  thrift  funds,  should  be  exempt  from 
income  tax,  but  in  the  present  state  of  the  law  only  the  net  rate  of 
interest  which  the  funds  earned  could  be  taken  into  account  in 
fixing  the  valuation  rate  of  interest.  He  thought  that  the  proper 
method  of  dealing  with  negative  values  depended  upon  (1)  whether 
membership  was  compulsory,  and  (2)  the  status  of  the  employer. 
On  the  general  question  of  liquidation  of  deficiencies,  it  was  quite 
clear  that  no  hard  and  fast  rule  could  be  laid  down.  He  himself 
regarded  the  abnormal  increases  in  salaries  as  being  really  of  the 
nature  of  superimposed  salaries.  The  position,  therefore,  was  very 
much  akin  to  the  starting  of  a  new  fund  in  regard  to  these  increases, 
and  in  that  case  the  liquidation  of  the  initial  deficiency  due  to  the 
higher  attained  ages  of  the  existing  employees  generally  depended 
on  the  generosity  of  the  employer.  Such  deficiencies  were  usually 
liquidated  by  means  of  an  annuity  over  a  long  period  and  personally 
he  would  advocate  that  method  of  basing  the  valuation  on  the  old 
scale  of  contributions. 

Mr.  Bacon  had  referred  to  the  fact  that  Mr.  Epps  did  not  deal 
with  some  of  the  more  difficult  problems  arising  from  post-war 
effects  in  connection  with  pension  funds  and  he  referred  particularly 
to  the  question  of  the  possibility  of  retardation  of  retirements. 
He  (the  speaker)  doubted  whether  this  particular  effect  was  likely 
to  occur.  On  the  contrary,  he  thought  that  an  acceleration  of 
retirement  was  more  probable.  During  the  war  there  was  a  large 
number  of  suspended  retirements,  and  when  men  returned  to 
employment  after  the  cessation  of  hostilities  companies  and  firms  were 
faced  with  redundant  staffs.  One  of  the  simplest  methods  of  dealing 
with  that  difficulty  was  to  pension  at  the  earliest  possible  moment 
all  those  that  were  pensionable.  He  thought  that  the  matter  had 
been  viewed  too  exclusively  from  the  point  of  view  of  the  employee, 
but  retirement  from  service  on  account  of  age  rested  with  the 
employer  and  not  with  the  employee,  and  regard  must  be  had  to 
the  employer's  point  of  view  when  visualising  what  was  to  happen 
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in  the  future.  Then  again,  from  the  employer's  point  of  view,  the 
enhanced  pay-roll  and  the  pension  fund  commitments  were  looked 
at  together,  and  if  it  were  possible  to  replace  men  who  were  in 
receipt  of  higher  salaries  by  younger  men  at  lower  rates,  thereby 
also  reducing  the  amount  of  contributions,  surely  there  would  be 
a  tendency  to  do  that.  It  seemed  to  him  that  actuaries  would  need 
considerable  margins  to  provide  for  some  of  the  other  post-war 
effects,  and  for  that  reason  he  was  in  favour  of  retaining  the  old 
scale  of  contributions  rather  than  the  reduced  rates  of  contribution 
which  were  obtained  by  using  a  flatter  salary  curve  consequent 
upon  the  increased  salaries. 

The  mortality  investigation  which  Mr.  Epps  gave  in  his  addendum 
was  a  very  valuable  addition  to  the  paper  ;  in  his  view  pensioners' 
mortality  was  the  most  important  element  in  connection  with  the 
valuation  of  pension  funds.  In  one  very  large  fund  with  which  he 
was  familiar  the  rates  of  mortality  amongst  pensioners  were  found 
to  have  got  very  appreciably  lighter  at  three  successive  valuations, 
and  he  doubted  whether  the  general  improvement  in  mortality 
was  the  sole  cause  of  this  feature.  In  his  opinion  the  age  of  the 
fund  had  a  considerable  bearing  on  the  rate  of  mortality  brought 
out.  It  seemed  quite  reasonable  to  suppose  that  in  the  very  early 
years  the  early  deaths  represented  the  heavy  mortality,  and  not 
until  the  fund  had  been  established  for  some  considerable  number 
of  years  did  one  get  a  normal  sample  of  pensioners'  mortality. 
The  investigation  Mr.  Epps  had  made  would  seem  to  show  that 
both  for  the  purpose  of  making  valuations  and  calculating 
contributions  it  was  desirable  to  use  select  annuities  rather  than 
aggregate  annuities,  but  although  one  came  to  that  conclusion 
from  studying  the  rates  of  mortality  it  was  rather  surprising  to  find 
that  heavier  reserves  and  higher  contributions  were  deduced  by 
the  "  aggregate  "  method.  In  searching  for  an  explanation  of  this 
apparent  anomaly  he  observed  that  in  constructing  the  aggregate 
annuities  the  author  had  mixed  the  mortality  of  the  incapacity 
pensioners  with  that  of  the  age  pensioners,  thereby  producing 
much  higher  values  at  ages  below  sixty  than  those  on  the  select 
basis.  He  thought  that  the  two  classes  of  pensioners'  mortality 
should  be  kept  quite  separate,  and  if  Mr.  Epps  had  done  this  he 
might  have  found  that  the  valuation  reserves  and  also  the 
contributions  based  on  the  select  annuities  would  have  been  greater 
and  not  less. 

The  PRESIDENT,  in  proposing  a  vote  of  thanks  to  the  author, 
said  that  the  discussion  had  revealed  differences  of  opinion  on  many 
points,  and  those  differences  were  bound  to  exist  in  the  circumstances 
in  which  they  found  themselves  to-day  with  regard  to  superannuation 
funds.  It  was  of  the  highest  importance  that  they  should  exchange 
views  with  one  another  and  try  to  come  to  a  common  opinion  on 
matters  of  practice  so  that  the  world  at  large  would  bring  against 
them  no  charge  of  inconsistency  in  the  advice  which  they  respectively 
gave  to  those  who  consulted  them. 

Mr.  EPPS,  in  reply,  stated  that  he  had  omitted  to  mention. 
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iu  regard  to  the  subject  of  income  tax.  that  the  appendix  following 
the  one  he  had  given  in  his  paper  contained  the  news  of  the  Inland 
Revenue  on  the  proposals  put  forward  by  Mr.  Mitchell.  In  this 
appendix  the  Board  of  Inland  Revenue  stated  that  they  would 
offer  no  objection  to  the  recommendations  which  were  subsequently 
made  by  the  Royal  Commission.  They  estimated  that  what  was 
recommended  bv  the  Roval  Commission  would  cost  no  more  than 
£100.000  a  year". 

Mr.  Fraser  and  one  or  two  other  speakers  had  drawn  attention 
to  some  remarks  he  had  made  in  his  paper  on  the  subject  of  reducing 
benefits.  He  quite  agreed  that  any  general  reduction  of  benefits 
was  unlikely.  Several  speakers  had  suggested  that  his  service 
table  was  artificial.  He  had  quite  expected  that  criticism,  but.  as 
a  matter  of  fact,  his  service  mortality  rates  were  deduced  from  a 
small  experience,  and  he  believed  them  to  represent  the  position 
in  a  very  select  class  of  life.  He  agreed,  however,  that  he  might 
have  taken  heavier  rates  which  would  have  been  a  closer 
representation  of  the  experience  to  be  expected  in  an  ordinary  fund. 
With  regard  to  the  criticism  that  in  preparing  the  salary  scale  he 
assumed  a  constant  plus  a  percentage  addition,  it  might  be  mentioned 
that  one  of  the  Civil  Service  awards  of  war  bonus  took  that  form  ; 
and  in  many  other  cases  where  the  junior  members  of  the  staff  had 
a  larger  war  bonus  in  proportion  it  appeared  that  the  assumption 
of  a  constant  plus  a  percentage  addition  usually  gave  a  fairly  close 
approximation  to  the  actual  facts. 

Modem  Developments  in  the  Methods  of  Industrial  Assurance 
Valuations.  By  Charles  William  Kenchington,  F.I. A., 
Actuary  to  the  Wesleyan  and  General  Assurance  Society. 

[Submitted  to  the  Institute,  25  April  1921.] 

Introduction. 

1.  J.  HE  Valuation  of  the  policy  liabilities  of  Industrial  Life 
Assurance  Companies  presents  a  number  of  problems  which  do 
not  arise  in  the  valuation  of  the  contracts  of  Ordinary  Assurance 
Offices,  and  as  the  President  indicated  in  his  recent  Presidential 
Address  that  they  are  of  interest  even  to  those  Members  of  the 
Institute  who  are  not  directly  connected  with  the  business  of 
Industrial  Assurance,  the  present  paper  is  submitted  in  the  hope 
that  it  may  provide  the  basis  for  the  discussion  of  some  of  these 
special  problems. 

The  recommendations  of  the  Departmental  Committee  on 
the  business  of  Industrial  Assurance  Companies  and  Collecting 
Societies  (Cmd.  614)  on  the  subject  of  Valuation,  which  give 

vol.  hi.  2  K 


454  Modern  Developments  in  the  Methods  of  [Oct. 

rise  to  the  present  general  interest  in  the  matter,  are  chiefly 
concerned  with  the  bases  to  be  adopted,  and  it  is  possible  that, 
as  the  recommendations  involve  the  vexed  question  of 
standardized  valuations,  a  discussion  on  the  bases  of  Valuation 
would  be  of  greater  interest  to  the  profession  than  the  discussion 
of  valuation  methods.  The  preparation  of  a  paper  on  the  bases 
of  Valuation  would,  however,  have  necessitated  the  expenditure 
of  a  larger  amount  of  time  and  labour  than  I  could  have  devoted 
to  it,  in  order  to  deal  with  the  matter  adequately  in  time  for 
submission  during  this  session,  but  the  discussion  of  the  specialized 
methods  of  Valuation  applicable  to  Industrial  Assurance 
Companies  may  not  be  an  inappropriate  introduction  to  the 
consideration  of  the  larger  subject  on  some  future  occasion. 

2.  The  special  problems  involved  in  Industrial  Assurance 
Valuations  arise  partly  from  the  distinctive  character  of  the 
business,  and  partly  from  the  mere  magnitude  of  the  number 
of  transactions  as  compared  with  those  of  Ordinary  Assurance 
Companies.  The  distinctive  character  of  the  business  here 
referred  to  is  that  of  fixing  the  weekly  premium  as  the 
unit  of  measurement  and  the  sum  assured  as  the  variable 
function  depending  upon  the  age,  in  contrast  to  the  practice  in 
Ordinary  Assurance  of  taking  the  sum  assured  as  the  standard 
of  measurement  and  the  premium  as  the  function  of  age.  The 
magnitude  of  the  number  of  contracts  renders  it  essential  to 
pay  more  consideration  to  the  methods  of  grouping  and  recording 
the  valuation  data  than  is  necessary  for  Ordinary  Assurance 
Companies.  This  may  be  illustrated  by  the  statement  that,  of 
the  Industrial  Offices  which  render  Returns  to  the  Board  of  Trade 
under  the  Assurance  Companies  Act,  1909,  nine  make  Annual 
Valuations,  and  the  total  number  of  Industrial  policies  brought 
into  their  1919  Valuations  exceeded  40,000,000. 

3.  It  is  not  known  whether  the  methods  of  Valuation  now 
described  are  in  general  use  in  Industrial  Assurance  Offices, 
but  they  have  in  all  cases  been  adopted  with  some  advantage 
in  practical  use.  The  general  principles  upon  which  they  are 
based  do  not  differ  essentially  from  those  which  were  described 
by  Mr.  Frederick  Schooling  in  his  paper  entitled  "  On  some 
methods  of  Grouping  Policies  for  the  purpose  of  Valuation  " 
(J.I.A.,  vol.  xxxii,  p.  301),  which  was  submitted  to  the  Institute 
more  than  twenty-five  years  ago,  but  the  methods  differ 
considerably  in  matters  of  detail. 

The  magnitude  of  the  business  makes  it  essential  not  only 
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to  group  the  policies,  but  also  to  arrange  for  continuous  recording 
of  data  for  valuation  purposes  on  the  simplest  possible  lines.  It 
is  fortunate  in  this  connection  that  the  general  practice  of 
Industrial  Assurance  Companies  is  to  grant  policies  for  a  number 
of  pence  per  week  at  the  same  rate  as  that  quoted  for  a  weekly 
premium  of  one  penny,  so  that  it  becomes  unnecessary,  in  the 
majority  of  cases,  to  tabulate  anything  more  than  the  number 
of  policies  and  the  aggregate  of  the  penny  premiums. 

Mechanical  Tabulation. 

4.  This  was  the  method  submitted  by  Mr.  Schooling  in  the 
l^aper  already  alluded  to,  but  the  first  point  of  departure  to  which 
I  would  refer  is  the  use  of  Power's  Machines  in  obtaining  the 
figures  for  tabulation.  These  machines,  I  believe,  have  not 
previously  been  described  in  the  Journal,  but  Sir  Gerald  Ryan 
referred  to  a  somewhat  similar  system  in  a  paper,  entitled  "  The 
Case  for  Census  Reform  ",  read  before  the  Institute  on  the 
25  November  1901  (J.I.A.,  vol.  xxxvi,  p.  329).  The  following 
is  one  of  the  footnotes  to  this  paper  (p.  352)  : 

"  The  applicability  of  the  Hollerith  Machine  to  the 
"  classification  of  insurance  statistics  in  connection  with 
"  the  investigation  of  mortality  experience  and  actuarial 
"  valuations  is  a  subject  that  demands  special  and  separate 
"  consideration." 

It  is  significant  that  nearly  twenty  years  have  elapsed  since 
this  statement  was  made. 

5.  The  Power's  system  is  similar  to  the  Hollerith  in  that  it 
employs  a  card  in  which  holes  are  punched,  the  value  represented 
by  the  hole  depending  upon  its  distance  from  the  bottom  edge 
of  the  card.  The  Power's  system  differs  from  the  Hollerith, 
and,  at  least  so  far  as  Assurance  Offices  are  concerned,  is  to  that 
extent  superior  in  that  it  not  only  lends  itself  to  the  very  rapid 
sorting  and  grouping  of  the  cards,  but  also  provides  printed  lists 
and  totals  by  an  automatic  process. 

It  is  not  proposed  to  describe  Power's  Machines  fully;  at  the 
moment  it  is  only  necessary,  in  order  to  allow  a  proper  under- 
standing of  the  methods  about  to  be  described,  that  the  general 
features  of  the  machines  in  their  application  to  insurance  purposes 
should  be  briefly  explained. 

The  use  of  Power's  Machines  may  be  described  as  the 
mechanical  application  of  a  card  system.-  Each  card  contains 
all  the  information  which  might  be  written  on  one  line  in  a  book. 
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The  card  is  divided  into  the  same  columns  as  would  appear  in 
that  book,  but  the  card,  instead  of  being  wide  enough  for  one 
line  only,  has  at  least  ten  lines  in  order  to  enable  values  to  be 
designated  by  position  instead  of  by  different  symbols.  Whatever 
is  required  to  be  indicated  in  any  particular  column  is 
represented  by  punching  a  hole  in  the  position  of  the  number 
intended  to  be  represented. 

6.  The  following  is  a  reproduction,  2/3rds  true  size,  of  a  card 
designed  for  Industrial  Life  Assurance  purposes. 
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Reproduction  2/3 rds  size. 

7.  There  are  three  distinct  classes  of  machine,  and  a  normal 
user  requires  at  least  one  of  each  of  these.  In  the  first  place 
there  is  the  Punching  Machine,  fed  automatically  with  blank 
cards,  and  capable  in  the  hands  of  a  junior  girl  of  producing 
punched  cards  rather  more  quickly  than  the  same  information 
could  be  recorded  by  means  of  a  typewriter. 

In  the  second  place  there  is  a  Sorting  Machine  which  will 
sort  the  cards  into  any  required  order  or,  what  is  more  often 
required,  will  group  the  cards  into  different  batches,  so  that  all 
cards  in  one  batch  have  one  feature  in  common,  such  as  the  age. 
It  is  obvious  that  this  machine  will  enable  us  to  sub-sort  our 
main  groups,  it  being  always  understood  that  it  is  only  possible 
to  sort  according  to  one  column  of  figures  at  a  time.  Thus  to 
group  the  cards  according  to  age  at  entry  it  is  necessary  that  they 
should  go  through  the  sorting  machine  twice.  The  cards  are 
sorted  at  the  rate  of  approximately  18,000  per  hour. 

So  far  as  both  these  machines  are  concerned  the  Power's 
system  does  not  differ  materially  from  the  Hollerith. 
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8.  The  distinctive  feature  of  a  Power's  Installation  is  the 
Tabulator-Printer.  The  cards  pass  through  this  machine  at 
the  rate  of  approximately  3,000  per  hour,  and  as  each  card  passes 
through,  the  whole  of  the  information  upon  that  card,  or 
optionally  such  information  as  may  be  required,  is  printed 
simultaneously,  i.e.,  not  one  figure  at  a  time  as  in  the  case  of  a 
typewriter,  but  all  the  figures  at  once.  Moreover,  at  any  desired 
point,  as  for  example  at  the  end  of  a  sub-group,  totals  of  those 
columns  which  it  is  required  to  cast  are  printed  automatically. 

9.  It  is  not  necessary  at  this  point  to  specify  the  many 
different  purposes  for  which  these  cards  are  used  in  providing 
either  general  lists  or  lists  of  certain  specified  types  of  policy. 
It  is  sufficient  to  say,  that  in  addition  to  the  collection  of  valuation 
data  the  cards  serve  many  other  useful  purposes,  of  which  it  is 
only  necessary  to  mention  the  Policy  Eegister,  printed  in  strict 
policy  number  order,  the  Sums  Assured,  Premiums  and  Number 
of  Policies  being  totalled. 

10.  For  valuation  purposes  the  cards  are  first  sorted  according 
to  the  table  in  the  prospectus  under  which  the  policies  have  been 
issued.  The  cards  for  each  table  are  then  further  sorted, 
either  according  to  the  age  at  entry,  or  in  the  case  of  endowment 
assurances  according  to  the  year  of  maturity. 

Certain  special  tables  require  special  treatment,  but  when 
the  whole  of  the  cards  have  been  grouped  in  accordance  with 
the  method  of  tabulating  the  valuation  data,  they  are  put  through 
the  Tabulator-Printer  and  listed  and  totalled  in  the  groups. 

11.  In  the  case  of  certain  tables  under  which  a  large  volume 
of  business  is  transacted,  the  groups  are  further  sorted  according 
to  the  amount  of  the  premium.  The  group  is  not  divided  into 
smaller  batches,  this  sorting  merely  affecting  the  order  of  the 
cards. 

As  an  example,  the  whole  of  the  cards  for  each  age  at  entry 
for  whole  life  assurances  are  listed  together,  having  been  arranged 
previously  in  order  of  magnitude  of  premium.  The  total  of 
the  premiums,  the  total  of  the  sums  assured,  and  the  total 
number  of  policies  for  that  age  are  then  printed.  The  list  itself 
wall  be  arranged  so  that  all  the  cases  of  Id.  premium  come  first, 
then  all  the  policies  upon  which  the  premium  is  2d.,  and  so  on, 
but  the  total  is  a  general  total  for  the  whole  of  the  policies  for 
the  particular  entry  age. 

When  the  cards  have  been  punched  they  are  checked  against  the 
original  information ;  apart  from  this,  the  first  step  in  checking 
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the  valuation  data  is  to  compare  the  total  sums  assured  with 
the  total  premiums  for  each  group  ;  for  obviously,  except  in 
the  case  of  special  tables,  there  should  be  a  definite  relationship 
between  the  two,  and  errors  are  occasionally  brought  to  light 
in  this  way.  When  there  is  a  discrepancy,  the  fact  that  the 
policies  are  arranged  according  to  magnitude  of  premium 
considerably  simplifies  the  work  of  finding  an  error  which  has 
been  passed  over  previously  either  in  checking  the  punched  card 
against  the  proposal  form  or  in  checking  the  proposal  form 
itself  in  the  first  instance. 

12.  Immediately  the  totals  of  all  the  items  of  data  thus 
prepared  for  valuation  purposes  have  been  obtained,  they  are 
combined  to  give  grand  totals  for  the  period,  and  these  should 
agree  exactly  with  similar  grand  totals  which  are  subsequently 
obtained  in  tabulating  the  Policy  Register  sheets.  The  period 
referred  to  here  may  be  one  week,  or  it  might  with  certain 
advantages  be  increased  to,  say,  four  weeks.  It  does  not  appear 
advisable,  however,  to  take  advantage  of  the  extraordinarily 
rapid  working  of  the  machines  to  allow  work  to  accumulate 
for  much  longer  than  this,  because  the  longer  the  period  the 
greater  will  be  the  difficulty  in  the  reconciliation  of  totals,  and 
the  tracing  and  correcting  of  errors. 

A  further  check  upon  the  total  number  of  policies  occurs  in 
connection  with  an  analysis  of  the  whole  of  the  cards  for  the 
period,  divided  simply  according  to  sex  and  age,  in  connection 
with  certain  special  work  which  is  described  below  in  paragraph 
48.  Finally  there  is  an  additional  check  upon  what  is  usually 
considered  to  be  the  chief  disadvantage  of  any  card  system, 
namely,  the  possibility  of  a  card  becoming  totally  lost  and  its 
loss  .unsuspected  ;  for  the  printing  of  the  Policy  Register  Sheets 
mentioned  above  is  the  last  of  all  the  operations,  and  necessitates 
the  sorting  of  the  cards  into  strict  policy  number  order, 
conclusive  evidence  that  no  card  is  missing. 

13.  In  view  of  the  large  part  which  the  handling  of  masses 
of  figures,  and  the  performing  of  extensive  calculations,  plays 
in  the  practical  application  of  actuarial  science,  it  will  not  be  out 
of  place  at  this  point  to  mention  that  the  use  of  the  Power's 
Installation  for  a  period  of  two  years  has  more  and  more  com- 
pelled one  to  realize  the  possibility  of  human  error.  Inaccuracies 
have  been  found  by  means  of  the  machines  in  work  which  has 
been  doubly  checked,  and  which,  owing  to  hidden  and  neutralizing 
discrepancies,  has  been  "  proved  "  correct  by  the  ordinary 
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balancing  test  which  would  previously  have  been  considered 
conclusive.  This  is  not  the  place  to  discuss  the  pvschology  of 
human  fallibility,  but  experience  proves  that  errors  are  overlooked 
during  the  checking  process,  especially  when  that  process  is 
identical  with  the  method  of  original  calculation.  This  lends 
added  weight  to  the  importance  of  an  independent  check  such 
as  that  described  below  in  another  connection  (pars.  25  et  seq.). 

14.  With  regard  to  the  Power's  system  it  is  only  necessary 
to  add  that  the  cards  for  policies  in  force  are  stored  throughout 
the  duration  of  the  policy,  arranged  primarily  in  geographical 
groups,  and  secondarily  in  numerical  order.  By  this  means 
it  is  intended  that  the  cards  themselves,  besides  supplanting  the 
old  style  valuation  cards,  shall  eventually  also  take  the  place 
of  the  office  copies  of  the  Agents'  Policy  Registers.  At  any 
moment  the  cards  in  force  for  any  Agency  can  be  put  through 
the  Tabulator-Printer  to  produce  automatically  a  printed  Agent's 
Register. 

15.  On  lapse,  surrender,  death  or  maturity,  the  card  is 
removed  from  the  in-force  files,  and  at  the  end  of  convenient 
periods  such  cards  are  dealt  with  by  methods  similar  to  those 
described  above  in  connection  with  the  new  business,  to  provide 
withdrawal  figures  for  entry  in  the  valuation  class  books.  Here 
again  adequate  total-checks  supplement  the  ordinary  methods  of 
checking. 

16.  By  the  usual  process  of  continuous  records  the  data  for 
the  Valuation  at  the  end  of  the  year  are  obtained  from 
similar  data  as  at  the  end  of  the  previous  year,  by  the  addition 
of  analysed  figures  for  new  business  and  revivals,  and  the 
subtraction  of  similar  figures  for  claims,  maturities,  lapses  and 
surrenders.  All  these  analyses  are  carried  out  by  means  of  the 
Power"-  Installation,  and  the  total  figures  are  obtained  thereby. 
Each  step  in  this  work  is  checked  against  the  parallel  step  in 
dealing,  for  other  office  purposes,  with  the  same  movements  of 
bu>ine>s.  so  that  at  the  end  of  the  year  it  is  beyond  doubt  that 
the  same  modifications  have  been  made  to  the  valuation  records 
as  to  the  other  office  records.  It  would  be  entirely  a  mistaken 
conception  to  regard  the  valuation  records  as  a  thing  apart 
from  the  office  system  of  book-keeping.  On  the  contrary,  it  is 
of  the  greatest  importance  that  the  valuation  data  should  be 
definitely  interlocked  with  the  general  financial  records,  and  indeed 
should  be  regarded  as  a  solid  foundation  for  accurate  life  office 
accountancy. 
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Valuation  Schedules. 

17.  Passing  from  the  consideration  of  methods  of  recording 
valuation  data  in  general,  we  may  now  proceed  to  show  in  detail 
the  arrangements  made  to  carry  out  the  valuation  of  some  of 
the  principal  classes  of  policies.  The  most  important  class 
of  assurance  in  Industrial  Assurance  practice  is  Whole  Life 
Assurance  by  weekly  premiums,  and  it  is  therefore  to  this  class 
that  attention  must  first  be  directed. 

The  tabulation  of  the  valuation  data  according  to 
Mr.  Schooling's  arrangement  was  primarily  in  calendar  years 
of  entry,  and  within  each  year  of  entry  according  to  ages  at 
entry.  The  variation  which  I  submit  is  to  make  the  primary 
tabulation  according  to  age  at  entry,  and  the  first  subdivision 
that  of  calendar  year  of  entry.  The  type  of  the  valuation 
schedule  is  shown  on  opposite  page. 

18.  The  totals  obtained  from  Schedule  I  are  carried  to 
Schedule  II,  in  the  form  shown  below,  from  which  the  whole  of 
the  particulars  required  for  the  Valuation  Returns  to  the  Board 
of  Trade  (Schedule  4)  can  readily  be  obtained. 

The  total  of  column  (2)  gives  the  number  of  policies  in  the 
class  of  assurance,  and  the  totals  of  columns  (6)  and  (7)  give 
the  corresponding  sums  assured  and  net  premiums.  The  totals 
of  columns  (13)  and  (12)  give  the  values  of  sums  assured  and  net 
premiums  respectively,  and  the  difference  between  these  totals 
gives  the  net  liability.  The  net  liability  is,  however,  worked 
out  at  each  age  at  entry  as  this  provides  a  useful  check  on  the 
work  by  way  of  comparison  with  the  figures  for  previous  years. 

The  office  premiums  and  value  of  office  premiums  are  deduced 
by  multiplying  the  totals  of  columns  (3)  and  (9)  in  each  case  by 

the  factor         --240  =  '21741. 

Facilities  for  Strengthening  Valuation  Basis. 

19.  There  is  one  outstanding  advantage  in  having  Schedule  II 
as  a  summary  of  the  valuations  under  ages  at  entry,  in  contrast 
to  a  summary  of  the  valuation  of  the  business  under  calendar 
years  of  entry.  The  very  rapid  development  of  Industrial 
Assurance  business  combined  with  the  inevitably  heavy  charges 
involved  in  setting  up  agencies,  has  rendered  it  necessary  in 
most  Industrial  Assurance  valuations  to  make  an  allowance 
in  the  premium  valued  for  new  business  expenses.  This  is 
accomplished    either   by   calculating   net   premiums   on  the 
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assumption  that  the  whole  of  the  premiums  received  in  the  first 
n  years,  where  n  is  a  small  number,  are  absorbed  in  meeting 
current  claims  and  expenses  ;  or  by  valuing  a  percentage  of 
the  office  premiums.  The  resulting  valuation  is,  in  either  event, 
less  stringent  than  that  on  a  net  premium  basis  by  the  same 
mortality  table  and  rate  of  interest,  and  in  most  cases  the  actuary 
of  an  Industrial  Assurance  Company  is  faced  with  the  problem 
of  making  the  valuation  as  stringent  as  the  resources  available 
will  allow.  The  history  of  the  valuations  of  all  the  largest 
offices  shows  that  the  actuaries  have  consistently  taken  steps 
to  strengthen  the  bases  upon  which  they  have  estimated  the 
valuation  of  the  liabilities  of  the  offices  they  serve. 

20.  It  is  therefore  important  that  the  method  adopted 
should  provide  a  ready  means  to  enable  the  valuation  to  be 
strengthened  when  the  detailed  calculations  have  reached  an 
advanced  stage,  without  making  it  necessary  to  embark  upon  a 
process  of  recalculating  a  large  portion  of  the  work.  One  of 
the  simplest  processes  available  for  the  purpose  is  that  of  reducing 
the  premium  valued.  Whether  the  premiums  valued  are  a 
percentage  of  the  gross  premiums,  or  are  calculated  by  the 
exclusion  of  a  number  of  the  early  years  of  assurance,  the  method 
suggested  of  having  the  valuation  data  arranged  primarily 
according  to  age  at  entry  materially  assists  the  process  of  making 
the  alteration. 

21.  The  question  of  negative  values  arises  whenever  the 
premium  valued  does  not  coincide  with  the  net  premium  as  at 
date  of  entry.  These  negative  values  are  confined  to  the  early 
years  of  assurance,  and  it  becomes  necessary  to  investigate 
their  incidence,  for  each  age  at  entry,  by  determining  the  value 
of  t  which  makes 

where  S.c  is  the  sum  assured,  and  P'r  the  premium  valued,  in 
respect  of  an  assurance  at  a  weekly  premium  of  Id.  effected  at 
age  x.  The  total  of  the  values  of  the  Premium  Function,  as 
shown  in  Schedule  I.  for  all  durations  of  assurance  less  than  t. 
must  then  be  multiplied  by  the  premium  valued,  and  the  excess 
of  this  product  over  the  corresponding  value  of  the  sum  assured 
is  the  correction  for  negative  values  to  be  carried  to  column  (11) 
of  Schedule  II  for  that  age  at  entry. 
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Compilation  of  Schedules. 

22.  The  nature  of  the  figures  to  be  inserted  in  the  columns  of 
Schedule  I  is  indicated  by  the  headings,  but  a  further  explanation 
may  at  once  be  given  regarding  the  processes  by  which  the 
figures  are  actually  entered.  In  the  first  place  it  should  be 
stated  that  the  years  of  entry  are  printed,  and  that  the  horizontal 
lines  are  printed  with  precision  to  correspond  exactly  with  the 
double  spacing  of  an  ordinary  typewriter.  This  enables  the 
entries  to  be  made  in  columns  (3)  and  (4),  from  the  summary 
sheets  from  which  the  valuation  data  have  been  calculated,  by 
means  of  a  Tabulating- Adding  machine.  Column  (8)  is 
automatically  completed  by  the  machine,  at  the  same  time  as 
the  entries  in  columns  (3)  and  (4)  are  made,  without  special 
mental  effort  on  the  part  of  the  operator.  The  completion  of 
column  (8)  is  further  described  in  paragraph  27  below. 

23.  It  will  be  observed  that  columns  (2)  and  (7)  are  both 
headed  "  Valuation  Age."  Entries  are  made  in  column  (2) 
by  the  Tabulating  machine  on  the  first  and  last  lines  only  for 
which  there  are  data  in  columns  (3)  and  (4). 

Columns  (5)  and  (6)  are  not  entered  by  hand  or  by  the 
machine,  but  gummed-backed  strips  printed  with  the  appropriate 
factors  are  affixed  to  the  Schedules.  These  gummed  strips  are 
printed  with  precision  in  the  matter  of  alignment  so  that  the 
lines  agree  exactly  with  the  lines  on  the  Schedule,  and  it  is 
therefore  possible  to  select  the  exact  portion  of  the  strip  that 
is  required.  The  three  columns  A,  d,  and  Valuation  Age  are 
printed  on  the  strips,  so  that  it  is  only  necessary  to  insert  the 
Valuation  Ages  in  column  (2)  on  the  first  and  last  lines,  as  above 
described,  to  secure  agreement  throughout  the  whole  range  of 
Valuation  factors  for  the  Schedule. 

24.  When  the  entries  in  columns  (2),  (3)  and  (4)  have  been 
checked  and  the  factors  agreed,  the  multiplications  necessary 
for  the  completion  of  columns  (10)  and  (11)  are  made  on  an 
arithmometer. 

Approximate  Computation  of  Product  Totals. 

25.  The  checking  of  columns  (10)  and  (11)  is  made  by  an 
independent  process,  being  an  adaptation  of  the  method  of 
approximate  valuation  submitted  to  the  Institute  by  Mr.  A. 
Henry  (J. LA.,  vol.  Hi,  p.  48). 

The  theoretical  basis  of  the  method  may  be  described  as 
follows  :    If  Wt  be  the  valuation  data  for  which  f(t)  is  the 
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corresponding-  valuation  factor,  then  the  sum  of  the  products 
for  a  range  of  n  terms  is  represented  by 

t  =  n 

+wa/(2)+.  .  .+wnf(n)  =  2 

and  assuming  that  for  a  limited  range  of  terms  f(t)  may  be 
written  as  approximately  equal  to  a  +  ht,  we  have 

Sin*  f(t)=*2v>t{a  +  bt) 
t=i  t=i  « 

t=n  t=n 

=  a  -  wt  +  h  2  tv  't 

t=i  i=i 

(=1  «=1 

where  £2t0$  is  written  for  ifli  +  2if2  +  .  .  .+w«?w. 

This  is  really  only  another  way  of  expressing  Mr.  Henry's 
formula,  and  it  indicates  that  the  sum  of  a  number  of  products 
may  be  obtained  approximately  by  making  first  and  second 
summations  of  the  valuation  data  and  multiplying  these  sums 
by  appropriate  values  of  the  constants  a  and  b  derived  from 
the  valuation  factors.* 

26.  Mr.  Henry  suggested  that  the  constants  a  and  b  should 
be  derived  from  equations  weighted  to  correspond  in  general 
outline  with  the  valuation  data  to  which  the  approximation  is 
to  be  applied.  While  this  weighting  of  the  equations  may  be 
desirable  if  there  can  be  any  certainty  that  the  valuation  data 
will  correspond  to  the  weights  applied  to  the  equations,  my  own 

*  It  was  not  pointed  out  by  Mr.  Henry  that  the  same  formula  could  have 
been  derived  by  assuming  that  the  total  valuation  data  for  the  group  were 
concentrated  at  the  average  age  and  multiplied  by  the  factor  for  that  average 
age  on  the  hypothesis  that  the  factor  could  be  represented  by  a  +  by  where  y  is 
the  average  age.  This  proposition  can  be  shown  symbolically  as  follows  : 
Since  y  is  the  average  age 

t=n  t=n 

2  tu't  22ict 


Hence 


t=n  t=n 

=  a  2  wt  +  b  'Shot 


as  before. 
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experiments  lead  me  to  believe  that  it  is  better,  as  a  general  rule, 
to  obtain  the  constants  a  and  b  from  unweighted  equations, 
and  to  restrict  the  range  of  the  summations. 

27.  It  was  found  that  a  range  of  twenty  terms  is  not  too 
great  with  most  valuation  functions  to  give  a  very  close  approxi- 
mation, but  for  several  reasons  it  was  finally  determined  to  fix 
the  range  at  ten  values.  The  reasons  were  (1)  that  as  the 
method  was  intended  primarily  as  a  check  on  the  sum  of 
individual  products  it  was  desirable  to  restrict  the  range  in 
order  to  be  able  to  localize  any  error  that  might  have  been 
made,  (2)  that  the  shorter  the  range  the  closer  must  be  the 
degree  of  approximation,  (3)  that  the  terminal  values  not  covered 
by  the  summations  were  reduced,  and  (4)  that  the  valuation 
data  had,  in  the  particular  example  to  which  it  was  being  applied, 
to  be  separated  into  groups  according  to  years  of  entry  on  account 
of  a  change  in  the  scale  of  the  sums  assured,  and  it  happened 
that  one  of  these  groups  consisted  of  a  period  of  ten  years, 
namely,  1907  to  1916  inclusive. 

Since  for  each  age  at  entry  the  valuation  data  are  more 
numerous  at  the  later  years  of  entry,  the  summations  in  column 
(8)  of  Schedule  I  were  arranged  in  groups  of  ten  values  in  such 
a  manner  as  to  make  it  possible  to  obtain  values  of  S2(4)  at 
the  years  of  entry  1866,  1876,  .  .  .  1916. 

28.  As  a  matter  of  detail,  but  possibly  of  some  interest  as 
indicating  the  value  of  modern  mechanical  methods,  it  may  be 
stated  that  as  the  entries  were  made  in  columns  (2),  (3)  and  (4) 
of  Schedule  I  on  the  Tabulating- Adding  machine,  a  carbon  copy 
was  taken  on  a  headed  schedule,  and  it  was  on  this  carbon  copy 
that  the  second  summation  in  column  (9)  was  made.  The 
advantage  of  this  process  was  that  the  calculation  of  the  check 
values  could  be  kept  absolutely  independent  of  the  detailed 
calculations,  and  further  that  the  work  could  proceed 
simultaneously. 

29.  The  calculation  of  the  check  values  demands  two 
multiplications  and  an  addition  (in  some  cases  a  subtraction)  of 
the  products.  With  the  aid  of  an  arithmometer  it  is  unnecessary 
to  write  down  the  values  of  the  products,  the  operation  being 
carried  out  by  making  the  product  aZ  and,  without  clearing 
the  product  off  the  machine,  adding  thereto  or  subtracting 
therefrom  the  product  bS2. 

Calculation  of  Constants. 

30.  As  the  summations  are  arranged  in  groups  of  ten  years 
of  entry  for  each  age  at  entry,  it  follows  that  the  valuation 


1921.]  Industrial  Assurance  Valuations.  467 

constants  a  and  b  are  required  for  each  age  at  which  there  are 
data  for  valuation,  from  the  youngest  up  to  ten  years  before  the 
oldest  age.  Separate  constants  are  required  for  Assurance  and 
Annuity  factors,  but  the  method  of  calculation  is  identical  for 
both  types  of  factor,  and  it  will  be  sufficient  indication  of  the 
method  if  the  application  to  the  Assurance  factors  is  described. 


The  equations  are  derived  as  follows  : 
£=10  t=io 

2  (a  +  bt)=  Sf(t)=M,  say  (1) 

t=i  t=i 

£  =  10  £  =  10 

SXa+M)=  ^2f(t)=S,  say  (2, 

*=i  t=i 

From(l)  10a  +  556  =  M   (3) 

„    (2)         55a  -f  3856 =N  (4) 

„    (3)  a  +  5-5&  =  -lM  (5) 

„    (4)  a  +  7-0b  =  -Oi8N  (6) 

(6)- (5)  l-56=-0i8N— "  1M 

&=-06{i8N~M} 


and  a=*0i8N— 76 

31.  The  Tabulating- Adding  machine  was  operated  with 
successive  values  of  Ax,  thus  obtaining  the  values  of  —  A.v  . 
The  values  of  XAX  were  then  retyped  on  prepared  Schedules, 
and  the  column  SaA*  was  obtained  automatically.  In  both 
cases  the  summations  were  made  continuously  from  the  oldest 
age  to  the  youngest  age,  and  it  became  necessary  to  transform 
the  continuous  summations  into  those  applicable  to  successive 
ten  year  groups.    The  formulae  are  as  follows  : 

t=10  t  =  u>  £  =  u> 

£  =  1  £  =  1  £  =  11 

£  =  10  £  =  u>  £  =  w  £  =  w 

and  22/(*)=        0  -  -2^0  ~  10  x  -  f(t) 

t=l  £  =  1  £  =  11  £  =  11 

32.  From  the  equations  of  paragraph  30  in  conjunction 
with  those  of  paragraph  31,  it  was  a  simple  matter  to  calculate 
the  constants  by  a  columnar  process.  The  heads  of  the  working 
Schedule  are  given  below,  and  sample  entries  have  been  made 
to  show  exactly  the  procedure  adopted. 
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33.  The  figures,  though  based  upon  an  actual  example,  have 
for  the  purpose  of  illustration  been  cut  down.  In  practice  it 
is  desirable  to  obtain  values  of  a  and  b  correct  to  four  or 
five  significant  digits  and  the  working  figures  must  be  arranged 
accordingly. 

It  will  be  observed  that  the  working  can  readily  be  checked 
by  the  summation  of  the  successive  columns,  and  the  check  so 
applied  together  with  the  inspection  of  the  differences  of  the 
resulting  constants  was  found  to  be  sufficient  to  ensure  accuracy. 

34.  The  constants  a  and  b  were  copied  from  the  working 
Schedule  on  strips  with  the  same  alignment  as  Schedule  I,  so 
that  by  the  use  of  these  strips  the  appropriate  values  should  at 
once  appear  against  the  corresponding"  values  of  S(4<)  and  S2(4) 
for  all  valuation  ages  under  each  age  at  entry.  By  this  means 
also  the  constants  were  rendered  available  for  use  in  future 
years  without  additional  work  in  copying. 

Comparison  of  Results  of  Approximate 
axd  Detailed  Methods. 

35.  The  closeness  of  the  approximation  is  shown  by  the 
following  statement  of  the  results  derived  from  a  valuation 
recently  completed,  in  which  the  valuation  factors  were 
continuous  functions  based  upon  English  Life  Table  No.  6 
(Males)  with  interest  at  3|  per-cent,  and  in  which  the  annuity 
factors  were  temporary  annuities  terminating  at  age  75  or  as 
-oon  thereafter  as  the  policies  had  been  25  years  in  force. 


Comparison  of  Results  derived  f  rom  (a)  Detailed  Multiplications ; 
(b)  Approximate  Method. 


'Jlass 
of 

Assurance 

Sum  Assured  Function 

Premium  Function 

0) 

Detailed 
Multiplica- 
tions 

■» 

Approxi  matt- 
Method 

Difference 
(a) -(b) 

(a) 
Detailed 
Multiplica- 
tion 

(*) 

Approximate 
Method 

Differenct- 
(b)-(a) 

Whole  Life 
Single  Lives 
Joint  Lives 

1,471,960 
23,507 

1,171,919 

23,506 

11 
1 

23,172,801 
326,713 

23,171,666 
326,723 

1,862 
-20 

36.  In  the  Whole  Life  class  on  Single  Lives  the  terminal 
values,  to  which  the  approximate  method  could  not  be  applied, 
were  less  than  1  per-cent  in  the  case  of  the  Sum  Assured  Function, 
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and  less  than  2  per-cent  for  the  Premium  Function.  In  the 
Joint  Life  class,  owing  to  the  data  being  smaller  and  less  evenly- 
spread,  the  terminal  values  to  which  the  group  method  could 
not  be  applied  were  rather  larger,  but  even  here  the  proportion 
not  covered  of  the  Sum  Assured  Function  was  only  5*5  per-cent, 
and  of  the  Premium  Function  2*6  per-cent,  of  the  respective 
total  values. 

37.  The  closeness  of  the  approximation  is  the  more  remarkable 
in  the  case  of  the  Premium  Function  because  in  the  final  groups, 
where  the  number  of  years'  premiums  payable  is  less  than  15, 
it  is  clearly  a  wide  assumption  to  represent  dt.^—f\  as  a 
function  of  the  first  degree.  In  point  of  fact  the  assumption 
leads  to  a  systematic  error  which  could  be  corrected,  if 
thought  to  be  necessary,  the  approximate  values  always  being 
more  than  the  true.  The  divergence  in  these  particular 
groups  in  the  Whole  Life  class  led  to  an  overstatement  of 
the  Premium  Function  b}^  2,846,  so  that  if  a  correction  had 
been  applied  the  difference  of  1,862  shown  in  the  Table  in  para.  35 
above  would  have  been  more  than  counterbalanced,  and  the 
resulting  net  liability  by  the  approximate  method  would  have 
shown  a  very  small  margin  on  the  side  of  safety. 

38.  The  difference  in  the  total  values  being  so  small,  it  might 
be  thought  that  the  result  was  purely  fortuitous,  depending 
upon  a  certain  balancing  of  errors.  Admittedly  some  balancing 
of  this  character  is  revealed  upon  comparing  the  sub-groups, 
but  as  showing  the  closeness  of  the  approximation  it  may  be 
stated  that  a  divergence  between  the  individual  and  approximate 
values  for  any  sub-group  of  more  than  1  per  thousand  of  the  value 
was  always  taken  as  indicating  that  an  investigation  should  be 
made  to  ascertain  whether  the  divergence  was  due  to  an  error. 

The  comparison  of  the  totals  of  the  Sum  Assured  Function 
and  Premium  Function  for  the  whole  of  the  business  does  not 
indicate  the  effect  upon  the  net  liability,  because  the  differences 
in  the  values  for  each  age  at  entry  have  to  be  multiplied  by  the 
appropriate  sums  assured  and  net  premiums.  Thus  while  in 
the  Table  in  paragraph  35  above,  the  Sum  Assured  Function 
derived  by  the  detailed  multiplications  is  greater  by  11  than  the 
corresponding  total  by  the  approximate  method,  the  difference 
between  the  values  of  the  Sum  Assured  is  12  3,  the  approximate 
values  being  greater  by  this  amount  than  the  individual  values. 
In  total  the  valuation  net  liability  would  have  been  under- 
estimated by  the  approximate  method  by  the  sum  of  £329  on  a 
total  net  liability  exceeding  £1,400,000. 
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39.  As  further  evidence  that  this  remarkable  agreement  is 
not  due  to  chance,  it  may  be  mentioned  that  the  approximate 
method  has  also  been  applied,  though  not  so  completely,  to  a 
valuation  based  on  OiI(5)  Mortality  at  3  per-cent  interest  with 
similar  results. 

Advantages  of  Approximate  Method. 

40.  The  advantages  claimed  for  the  approximate  method  of 
checking  the  valuation  are  (1)  its  complete  independence  of  the 
detailed  individual  multiplications,  and  (2)  the  rapidity  with 
which  the  work  can  be  carried  out. 

41.  The  independence  of  the  method  is  a,  material  gain, 
because  the  operation  of  checking  work  that  has  already  been 
done,  on  precisely  the  same  lines  as  the  calculations  were  originally 
made,  is  frequently  the  cause  of  error,  owing  to  the  liability  of 
the  checker  to  make  the  same  mistake  as  the  original  calculator, 
or  to  overlook  the  mistake  by  accident  in  comparing  results. 

This  point  is  not,  of  course,  a  new  one,  but  reference  to  it  is 
made  here  because  experience  of  the  new  methods  has  proved 
there  is  a  real  danger  that  a  computer  may  be  predisposed 
towards  a  figure  which  he  sees  written  on  a  paper  before  him, 
and  which  is  supposed  to  represent  the  result  of  the  calculation 
he  is  performing.  This  inevitably  leads  to  a  certain  number 
of  mistakes  being  overlooked  when  a  very  large  number  of 
calculations  are  being  checked. 

42.  With  regard  to  the  rapidity  of  the  process,  it  was  found 
that  the  entry  of  the  particulars  in  columns  (2)  and  (3)  of 
Schedule  I  was  accomplished  on  the  Tabulating-Adding 
machine  in  far  less  time  than  that  occupied  formerly  in  making 
entries  by  hand,  in  spite  of  the  fact  that  the  continuous  totals 
in  column  (8)  were  being  obtained  at  the  same  time.  The  fact 
of  the  figures  being  in  typewritten  characters  and  not  in  writing, 
also  facilitated  subsequent  operations,  and  ehminated  the  possible 
source  of  error  which  is  found  in  the  bad  formation  of  figures 
by  hand. 

By  summing  the  values  of  ^(4),  at  the  points  where  S2(4) 
was  to  be  taken,  a  check  by  an  independent  process  on  the 
casting  of  column  (4)  was  provided,  the  operation  being  more 
rapid  than  that  of  direct  checking. 

43.  Up  to  this  point  the  approximate  method  entails  no 
special  mental  effort,  and  has  in  fact  resulted  in  a  saving  of 
time.    The  calculation  of  %\4>)  is  made  solely  for  the  purpose 
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of  the  check  valuation,  but  as  a  non-listing  adding  machine  was 
used,  this  part  of  the  process  was  exceedingly  rapid.  The 
same  values  of  2(4)  and  22(4)  are  used  both  in  obtaining  the 
Sum  Assured  Function  and  the  Premium  Function,  and  conse- 
quently the  operation  of  checking  the  sum  of  twenty  products 
is  accomplished  by  the  approximate  method  by  the  simple 
process  of  making  the  one  summation  of  22(4)  and  4  products, 
the  results  of  which  are  only  recorded  in  two  items,  being  in 
each  case  the  sum  of,  or  difference  between,  the  products 
oS(4)  and  &52(4). 

It  has  already  been  explained  that  there  were  special  reasons 
for  the  selection  of  10  terms  as  the  range  of  the  summation,  but 
experimental  calculations  indicate  that  a  considerably  longer 
range  could  have  been  employed  with  almost  equal  accuracy 
and  as  the  operation  is  identical  in  form,  no  matter  what  the 
range  may  be,  it  follows  that  the  longer  the  range  the  greater 
is  the  saving  of  time  and  labour  as  compared  with  the  checking 
of  individual  products. 

44.  The  suggested  method  has  other  advantages,  because  it 
is  possible  that  it  might  be  desired  to  estimate  the  effect  of  a 
change  in  the  basis  of  valuation,  either  by  the  alteration  of  the 
mortality  table  or  the  rate  of  interest  or  both.  The  facility  with 
which  the  work  can  be  done  by  the  approximate  method  would, 
in  these  circumstances,  be  of  great  value. 

45.  In  the  method  so  far  described  it  has  been  assumed  that 
the  sum  assured  remains  constant  from  the  outset  of  a  policy 
for  the  whole  of  its  duration.  It  happens,  however,  that  it  is 
the  practice  of  a  number  of  Industrial  Assurance  Companies  to 
grant  policies  under  which  the  sum  assured  is  increased  after  a 
number  of  years  has  elapsed,  as  for  example  after  5  years,  and 
again  after  10  years.  This  feature  of  the  business  has  to  be 
taken  into  account  in  the  valuation,  but  it  does  not  disturb  the 
underlying  principles  outlined  above,  and  effect  can  readily  be 
given  thereto  by  appropriate  modification  of  the  factors  for  the 
valuation  of  the  sum  assured.  The  only  point  which  appears 
to  call  for  comment  in  this  connection  is  that,  if  the  approximate 
method  is  applied,  it  will  be  necessary  to  calculate  the  constants 
separately  for  each  age  at  entry,  since  the  valuation  factors  will 
not  depend  solely  on  the  valuation  age.  It  may,  in  fact,  be  the 
better  course  to  dispense  with  the  Sum  Assured  Function,  and 
to  use  factors  which  involve  the  sum  assured  per  penny  premium, 
so  that  the  value  of  the  sum  assured  is  given  directly,  upon 
multiplication  by  the  number  of  pennyworths  of  assurance. 
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Expected  and  Actual  Claims. 

46.  There  is  a  further  use  of  the  method  which  is  thought 
to  be  worthy  of  mention.  It  seems  hardly  likely,  on  account  of 
the  work  involved,  that  a  comparison  of  expected  claims 
with  actual  claims  would  be  feasible  if  made  by  detailed 
individual  products  for  each  year  of  entry  under  each  age  at 
entry  ;  but  it  is  more  than  possible  that  selection  is  operative 
in  Industrial  Assurance,  although  not  perhaps  in  the  same  way 
as  it  is  in  Ordinary  Assurance,  and  it  is  therefore  desirable  to  be 
able  to  calculate  the  expected  claims,  and  to  compare  them  with 
the  actual  for  the  business  arising  under  each  age  at  entry, 
giving  due  effect  to  the  duration  of  assurance. 

By  using  the  values  of  2(4)  and  22(4)  already  calculated  for 
the  valuation,  a  comparison  can  readily  be  made  between  the 
number  of  weekly  pennyworths  of  assurance  that  were  expected 
to,  and  the  number  which  did  actually,  become  claims  during 
the  year. 

In  point  of  fact  Schedule  I  is  printed  with  additional  columns, 
not  shown  in  the  draft  in  paragraph  16,  to  allow  for  the  calculation 
of  the  expected  claims  without  necessitating  the  recopying  of 
the  values  of  2(4)  and  S2(4). 

47.  If  the  valuation  ages  are  integral,  the  number  of  Id. 
premiums  in  force  at  valuation  age  y  under  age  at  entry  x,  on 
any  valuation  date  may  be  considered  as  being  of  the  form  of 
l'y,  and  the  number  of  Id.  premiums  in  force  under  the  same 
age  at  entry  on  the  next  following  annual  valuation  at  age  y  +  1, 
being  the  survivors  of  the  l'y  cases,  may  be  considered  analogous 
to  V 'j,t1  .  The  expected  pennyworths  of  claim  can  therefore  be 
obtained  with  very  close  approximation  to  accuracy  from  the 
expression  \{V ' ,,11,,  +  V y+i/%+i) ,  and  it  follows  that  the  expected 
pennyworths  of  claim  for  a  group  can  be  calculated  by 
multiplying  —(4)  and  ~2(4)  by  appropriate  values  of  the 
constants  a  and  b  respectively  derived  from  the  function 
according  to  the  mortality  table  which  it  is  desired  to  employ. 

It  is  necessary  to  calculate  the  mean  of  the  products  derived 
from  the  valuation  data  for  two  successive  years  in  order  to 
obtain  the  figure  desired.  The  actual  number  of  pennyworths 
of  claim,  with  which  the  expected  are  to  be  compared,  are 
necessarily  recorded  in  the  valuation  class  books. 

If,  as  may  sometimes  happen,  the  valuation  ages  are  really 
of  the  form  (&+\),  the  expected  claims  can  be  calculated  by 
taking  the  mean  of  the  values  S(4)  and  22(4)at  two  successive 
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valuations,  and  by  multiplying  the  mean  value  by  appropriate 
values  of  constants  a  and  b  derived  from  the  fix  table  at 
integral  ages. 

48.  A  further  extension  of  the  comparison  of  expected  deaths 
and  actual  deaths  is  possible  by  making  use  of  Power's  machines 
to  provide  figures  for  the  number  of  policies  under  which  lives 
are  at  risk  at  each  age  in  certain  geographical  groups.  It  has 
been  mentioned  already  that  the  filed  Power's  cards  for  business 
in  force  are  grouped  primarily  according  to  geographical  areas, 
and  in  adding  to,  or  taking  from,  these  groups  of  cards,  the 
movements  for  each  group  are  analysed  both  according  to  sex 
and  age,  thus  providing  the  means  for  a  continuous  record  of 
the  numbers  exposed  to  risk.  The  cards  removed  in  respect 
of  policies  which  become  claims  through  death  are  similarly 
analysed.  The  approximate  method,  described  in  the  two 
preceding  paragraphs,  is  then  available  for  the  calculation  of  the 
expected  deaths  for  each  geographical  group,  and  the  comparison 
with  the  actual  deaths  in  that  area  forms  an  additional 
actuarial  contribution  to  the  "  intelligence  "  side  of  the  Life 
Office.  The  advantage  for  this  purpose  of  using  a  range  of  no 
more  than  ten  ages  in  the  application  of  the  approximate  method 
to  the  calculation  of  expected  deaths  is  self  evident. 

Possible  Developments. 

49.  It  will  be  seen  that  the  advantages  secured  by  the  adoption 
of  mechanical  methods  for  the  tabulation  of  the  valuation  data 
are  very  great.  In  addition  to  the  important  considerations 
of  time  saving  and  accuracy,  the  use  of  such  methods  provides 
facilities  for  the  investigation  of  statistical  matters  relating  to 
the  business  generally. 

50.  The  possibilities  of  the  approximate  method  of  valuation 
are  so  great  that  it  would  not  surprise  me  if  it  should  come  into 
general  use  in  the  near  future,  not  only  for  Industrial  Assurance 
Valuations  but  also  for  Ordinary  Assurance  Valuations.  It 
would  not  surprise  me,  indeed,  if  it  should  become  the  principal 
method  by  which  the  valuations  are  actually  made,  and  not 
be  used  merely  for  purposes  of  checking.  Further  experiment 
and  trial  will,  however,  be  necessary. 

Joint  Life  Assurances. 

.  51.  In  his  paper  already  referred  to  Mr.  Schooling  dealt  with 
the  valuation  of  Joint  Life  Assurances.    He  discussed  various 
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methods  of  grouping  these  for  valuation,  and  recommended  that 
they  should  be  grouped  according  to  two  equal  ages  at  entry 
determined  roughly  on  the  basis  of  Makeham's  formula,  a  process 
which  in  all  the  circumstances  he  considered  to  be  justifiable. 
It  is  interesting  to  note  that  since  that  paper  was  submitted,  it 
has  become  the  practice  of  a  number  of  Industrial  Offices  to 
quote  the  sums  assured  for  equal  ages  at  entry  only,  and  to 
supply  a  table  in  their  prospectuses  whereby  the  equal  ages 
equivalent  to  two  unequal  ages  are  to  be  calculated.  In  this 
way  the  actual  sum  assured  depends  upon  the  assumed  equal 
ages  at  entry,  and  the  method  suggested  by  Mr.  Schooling  has 
become  even  more  appropriate  than  when  it  was  applied  to  sums 
assured  which  were  quoted  for  unequal  ages  at  entry.  An 
advantage  derived  from  this  method  of  quoting  in  the 
prospectuses  is  that  it  becomes  unnecessary  to  tabulate  the  sums 
assured  in  the  class  books  in  order  to  arrive  at  the  valuation 
data,  since  all  the  information  required  is  available  by  the  tabu- 
lation of  the  number  of  policies  and  the  number  of  weekly  penny 
premiums.  Apart  from  this  special  feature,  the  valuation  of 
Joint  Life  Assurances  does  not  present  problems  differing 
materially  from  those  which  have  been  dealt  with  under  Whole 
Life  Assurances. 

Endowment  Assurances. 

52.  Endowment  Assurances  are  a  much  smaller  class  in  the 
general  practice  of  Industrial  Assurance  business  than  AVhole 
Life  Assurances,  but  they  are  nevertheless  sufficiently  numerous 
to  demand  special  attention  in  the  consideration  of  the  most 
appropriate  means  for  their  valuation. 

53.  A  method  of  grouping  which  has  been  used  is  that  of 
arranging  the  policies  under  calendar  years  of  maturity,  sub- 
grouped  according  to  years  of  entry.*  The  data  tabulated  are 
(1)  number  of  policies,  (2)  sum  assured,  (3)  number  of  one  penny 
weekly  premiums,  and  (4)  until  recently,  Z.  It  is  necessary  to 
tabulate  the  sums  assured  as  well  as  the  number  of  weekly 
premiums,  because  although  the  double  tabulation  according  to 
year  of  maturity  sub-grouped  in  years  of  entry  gives  by  implication 
the  original  endowment  term,  effect  cannot  be  given  to  the 
variation  of  the  sum  assured  with  the  age  at  entry,  for  that 
particular  term,  by  the  mere  tabulation  of  the  premiums. 

The  value  of  Z  employed  was  not  based,  as  is  usual  in  Ordinary 
Assurance,  upon  the  sum  assured  but  upon  the  premiums. 
This  was  purely  for  the  sake  of  simplicity,  it  being  easier  to 
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calculate  the  value  of  Z,  appropriate  to  a  particular  policy,  by 
multiplying  the  value  in  the  prepared  table  by  the  number  of 
pennies  in  the  premium,  than  it  would  have  been  to  multiply 
by  the  sum  assured  which,  expressed  in  pounds,  would  frequently 
involve  two  places  of  decimals  as  well  as  whole  numbers.  The 
process  of  finding  the  average  maturity  age  was  therefore  to 
divide  2^Z  by  S  (number  of  Id.  premiums). 

54.  It  will  be  observed  that  net  premiums  are  not  tabulated, 
in  spite  of  the  differences  due  to  variation  in  age.  Assuming 
that  net  premiums  are  valued,  as  contrasted  with  a  proportion 
of  the  Office  Premiums,  the  variation  with  the  age  is  much  less 
than  that  in  the  sum  assured  for  any  given  endowment  term, 
because  while  the  sum  assured  decreases  with  the  increase  of 
age,  the  net  premium  per  unit  of  sum  assured  increases,  and  in 
consequence  the  net  premium  per  one  penny  weekly  premium 
tends  towards  constancy  for  each  endowment  term.  It  was 
found  in  these  circumstances  as  the  result  of  experiment,  with 
qM(5)  Mortality  and  3  per-cent  interest,  that  an  exceedingly 
close  approximation  to  accuracy  was  obtained  by  making  use 
of  the  average  maturity  age  for  the  double  purpose  of  fixing  the 
average  age  at  entry,  by  deducting  therefrom  the  original 
endowment  term,  and  of  obtaining  the  valuation  age  by  deducting 
the  term  to  run. 

55.  A  careful  scrutiny  of  the  average  maturity  ages,  as 
calculated  by  the  Z  method,  at  five  successive  annual  valuations 
showed  that,  with  the  volume  of  business  transacted,  there  is  so 
close  an  agreement  from  year  to  year  towards  a  regular  pro- 
gression as  to  render  it  unnecessary  for  the  calculations  to  be  made 
every  year.  The  particular  data  showed  a  systematic  increase 
of  the  maturity  age  with  the  length  of  the  unexpired  term. 
Keeping  the  terms  to  run  constant  the  maturity  ages  in  successive 
valuation  years  almost  exactly  coincided.  It  has  therefore 
become  possible,  especially  in  view  of  a  change  of  mortality 
basis  used  in  the  valuation  from  0M(5)  to  English  Life  No.  6 
(Males),  for  which  it  is  clear  that  0M(5)  values  of  Z  are  not 
strictly  appropriate,  to  go  one  step  further  and  assume  that 
the  maturity  ages  will  correspond  to  the  following  plan  for 
several  years  to  come,  namely  : 

Number  of  years  to  run.  Maturity  Age. 

1  to  24    55 

25  to  40    60 

41  and  upwards   65 
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Sample  statistics  will  be  taken  at  intervals  to  test  the 
continued  accuracy  of  the  assumption,  but  in  the  meantime  it 
becomes  unnecessary  to  tabulate  Z. 

Concluding  Kemarks. 

56.  There  are  many  other  types  of  Industrial  Assurance 
policies,  such,  for  instance,  as  old  age  endowments,  policies 
securing  guaranteed  bonuses,  and  others  which  introduce  special 
problems  in  the  valuation,  and  necessitate  the  preparation  of 
elaborate  valuation  factors.  The  systems  already  mentioned 
are  adhered  to  as  far  as  possible  even  for  these  special  classes, 
the  aim  being  to  reduce  the  figures  to  be  tabulated  per  policy, 
though  by  so  doing  it  may  be  necessary  in  some  instances  to 
increase  the  number  of  sub-groups.  The  problems  presented  by 
these  special  classes  are  in  all  the  circumstances  not  thought  to 
be  of  sufficient  general  interest  to  warrant  attention  at  the  end 
of  a  paper  already  of  considerable  length. 

57.  I  would  only  wish  to  add  in  conclusion  an  expression  of 
my  indebtedness  to  my  Assistant,  Captain  E.  W.  Phillips,  O.B.E., 
F.I.A.,  for  the  help  he  has  ungrudgingly  rendered  in  the  prepara- 
tion of  this  paper,  and  particularly  in  the  description  given  of 
the  use  of  the  Power's  Machines.  His  technical  knowledge  of 
the  intricate  mechanism  of  these  machines  has  been  of  the 
greatest  possible  service  in  their  application  to  Industrial 
Assurance  purposes,  and  I  consider  myself  fortunate  in  having 
had  his  assistance  in  submitting  the  use  of  the  machines  to  the 
Institute. 

Abstract  of  the  Discussion. 

Mr.  11  LEVEY  said  that  the  paper  dealt  almost  entirely  with 
methods  rather  than  principles,  but  in  paragraph  19  the  author 
stated  that  "in  most  eases  the  actuary  of  an  industrial  company  is 
"  faced  with  the  problem  of  making  the  valuation  as  stringent  as 
"  the  resources  available  will  allow."'  To  many  that  would  seem 
a  negation  of  the  functions  of  a  valuation.  By  general  acceptation 
a  valuation  should  be  made  on  bases  predetermined  to  be  a  proper 
standard  by  which  to  measure  the  liabilities  of  the  company  under 
its  assurance  contracts,  and  the  results  should  not  be  lightly 
varied  because  they  did  not  compare  favourably  with  the  assets. 
Presumably  the  author  did  not  mean  that  the  resources  available 
should  always  determine  the  stringency  or  otherwise  of  the  valuation, 
but  rather  that  there  were  factors  affecting  industrial  assurance 
which  made  it  impossible  to  adopt  in  every  case  the  time-honoured 
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principles  of  valuation  applicable  to  ordinary  assurance.  In  early 
days — and  also  subsequently,  when  new  business  increased  so 
rapidly  as  to  upset  the  ratio  that  previously  existed  between  new 
and  old  business- — the  question  of  a  proper  allowance  for  initial 
expenses  exercised  the  minds  even  of  actuaries  to  ordinary  life 
offices.  This  question,  together  with  other  factors,  still  concerned 
actuaries  to  industrial  companies,  and  necessarily  left  more  to  their 
discretion.  Each  had  to  decide  for  himself  the  point  beyond  which 
his  valuation  basis  must  not  be  modified.  To  declare  an  office 
insolvent  because  it  failed  to  conform  to  some  arbitrary  standard  of 
valuation  which  did  not  take  into  account  the  peculiar  circumstances 
of  that  office  would  probably  result  in  unnecessary  hardship  to  a 
large  number  of  people  whose  claims  would  be  met  in  full  if  a 
somewhat  less  stringent  basis  of  valuation  were  permitted.  On  the 
other  hand,  he  thought  that  it  was  not  only  advisable  but  essential 
for  the  future  welfare  of  the  business  that  every  effort  should  be 
made  by  all  industrial  offices  to  strengthen  their  reserves.  Whilst 
it  was  impossible  for  all  to  hope  to  attain  to  the  same  standard  at 
once,  to  have  some  such  standard  in  view  and  to  endeavour  to  reach 
it  in  the  course  of  a  few  years  must  be  to  the  advantage  of  all 
concerned. 

It  was  evident  that  in  the  Power's  installation  they  had  a 
powerful  instrument  for  dealing  with  the  immense  volume  of  data 
involved  not  only  in  the  valuations  of  industrial  assurance  offices  but 
also  in  the  valuations  of  large  ordinary  offices  and  pension  funds 
and  in  mortality  investigations.  In  addition  to  the  saving  of  labour 
there  was  a  great  saving  of  time,  and  a  gain  in  accuracy. 

In  the  application  of  Mr.  Schooling's  method  of  valuation — in 
which  the  classification  was  primarily  according  to  year  of  assurance 
— cards  were  prepared  giving  the  usual  premium  factor,  the  present 
value  of  the  sum  assured  by  a  weekly  premium  of  one  penny,  the 
net  annual  premium  for  the  sum  assured  by  a  weekly  premium  of 
one  penny,  and  the  net  liability  for  a  penny  policy.  Those  cards 
once  prepared  were  available  for  use  so  long  as  the  valuation  basis 
remained  the  same.  Mr.  Kenchington,  classifying  according  to  age 
at  entry,  employed  two  schedules  entailing  the  completion  of 
twenty-five  columns  in  all  and  involving  several  multiplications  and 
summations,  and,  regarded  simply  as  a  method  for  making  a 
valuation  where  no  change  in  the  premium  valued  was  necessary, 
that  method  might  be  the  longer.  The  relative  merits  of  the  two 
methods  could,  however,  only  be  properly  gauged  by  considering  the 
respective  circumstances  in  which  they  were  intended  to  be  used. 
Classification  according  to  year  of  assurance  and  the  use  of  prepared 
factor  cards  as  outlined  were,  he  thought,  the  better  method  when, 
as  in  the  case  with  which  Mr.  Schooling  was  dealing,  a  stable  net 
premium  basis  was  in  use.  Mr.  Kenchington's  method  was  designed 
to  meet  the  special  circumstances  of  a  gross  premium  valuation  in 
which  it  might  be  desired  to  vary  the  premium  valued  during  the 
actual  process  of  valuation,  and  it  had  the  necessary  elasticity  to 
meet  such  variations  without  great  additional  labour,  although  if 
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the  interest  and/or  mortality  basis  of  the  valuation  were  altered  he 
did  not  think  it  had  much  advantage.  For  the  purpose  of  an 
approximate  check  by  Mr.  King's  method,  the  classification  by  year 
of  entry  was  obviously  the  better,  since  the  first  and  second 
summations  of  the  number  of  penny  premiums  for  a  group  could  at 
once  be  used  as  factors  with  which  to  multiply  the  a  and  b  constants. 
The  results  for  a  whole  group  could  then  be  summed,  and  finally  the 
required  liability  obtained  by  multiplying  the  respective  totals  for 
sums  assured  and  premiums  by  the  sum  assured  and  net  premium 
for  the  particular  age  at  entry,  as  those  were  constant  for  that 
group.  Under  the  method  of  classification  by  years  of  assurance, 
the  sum  assured  and  net  premiums  varied  in  the  group  and  the 
approximation  could  not  be  obtained  with  the  same  facility.  A 
re-classification  of  the  data  according  to  age  at  entry  could,  however, 
readily  be  made  by  means  of  the  Power's  installation. 

There  could  be  no  doubt  as  to  the  usefulness  of  the  approximate 
method  for  checking  purposes,  and  still  more  for  making  valuations 
on  different  bases  for  trial  purposes.  The  result  aimed  at  in  tin- 
latter  case  was  the  aggregate  difference  resulting  from  the  change, 
and  any  error  introduced  by  the  approximation  was  practically 
eliminated  by  differencing.  He  was,  however,  doubtful  whether,  as 
the  author  seemed  to  think,  such  approximate  methods  would  ever 
be  generally  adopted  as  standard  methods  of  valuation.  If  so,  they 
would  either  have  to  rely  on  a  check  by  means  of  a  second  operator 
doing  the  same  work — a  process  on  which  the  author  did  not  seem 
to  place  much  reliance — or  to  check  one  approximate  method  by 
another.  In  such  circumstances  some  future  actuary  might  perhaps 
re-discover  exact  methods  in  order  satisfactorily  to  check  his 
approximation. 

Mr.  C.  F.  PETERS  remarked  that  his  company  had  had  to  deal 
with  the  problem  of  a  rapid  valuation  of  whole-life  weekly  premium 
assurances.  Owing  to  the  war  and  to  the  depletion  of  the  staff,  it 
had  been  necessary  to  abandon  a  continuous  record  and  to  start 
afresh  with  between  five  million  and  six  million  assurances. 
Obviously  the  work  could  not  be  done  without  mechanical  aid,  and 
the  Power's  machine  was  adopted  as  the  best  for  the  purpose.  The 
object  in  view  was  to  get  through  the  valuation  very  quickly,  without 
regard  to  anything  else.  The  data  were  classified  in  the  way 
described  by  Mr.  Schooling,  in  years  of  entry,  for  each  year  of  entry 
and  age  at  entry.  The  individual  cards  were  then  abandoned 
entirely  and  a  system  of  summary  cards  adopted.  The  reason  for 
abandoning  the  individual  cards  was  that  they  had  served  their 
purpose,  and  the  storing  of  five  million  or  six  million  cards  in  these 
days  was  a  serious  matter.  Moreover,  before  they  could  be  stored 
they  would  have  had  to  be  re-sorted  into  some  order  for  reference 
and  extraction  when  lapse  or  death  occurred.  There  were  seventeen 
geographical  areas  in  the  valuation,  for  facility  in  handling,  and 
those  areas  were  chosen  with  special  reference  to  the  particulaz- 
circumstances  of  the  company — remuneration,  supervision  and  other 
incidents.    The  geographical  distribution  had  been  the  subject  of 
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another  investigation,  not  part  of  the  valuation,  relating  to  the  yield 
from  the  expenditure  of  the  eompany  upon  its  business.  He  hoped 
at  some  future  time  to  describe  the  most  interesting  results  which 
he  had  obtained  in  that  investigation.  The  totals  of  the  seventeen 
areas  were  amalgamated  into  one  total  on  what  was  called  a  master 
card,  thereby  reducing  the  five  million  or  six  million  cases  to  about 
6,000,  namely,  60  years  of  entry  and  100  years  of  age.  Obviously 
that  was  a  great  advantage.  Then  in  sorting  the  cards  they  had 
combined  the  two  variables,  the  year  of  entry  and  the  age  at  entry, 
so  as  to  bring  together  all  cases  at  the  same  attained  age.  They  had 
thereby  avoided  all  the  trouble  of  valuing  in  separate  years  of  entry. 
He  would  like  to  add  that  at  every  stage  of  the  work  checks  were 
possible.  His  company  had  found,  by  using  the  Power's  machine 
in  the  way  he  had  described,  that  it  got  through  its  valuation  in  a 
quarter  of  the  time  that  it  generally  took  by  hand,  and  in  view  of 
the  magnitude  of  the  operations  in  industrial  assurance,  that  meant 
a  substantial  saving. 

Mr.  A.  HENEY  was  particularly  interested  in  the  results  which 
the  author  had  brought  out  by  the  method  of  approximate  valuation 
which  he  (the  speaker)  had  had  the  privilege  of  bringing  before  the 
Institute.  In  paragraph  26  the  author  expressed  the  opinion  that 
as  a  general  rule  it  was  better  to  use  unweighted  equations  and  to 
deal,  in  applying  the  method,  with  smaller  groups.  He  (the  speaker) 
had  devised  the  method  as  a  check  to  be  applied  over  a  wide  range, 
and  from  that  point  of  view  it  was  important  that  the  number  of 
essential  operations  should  be  cut  down.  He  fully  appreciated, 
however,  the  different  point  of  view  of  the  author.  The  author  gave 
four  reasons  for  preferring  ten-year  groups,  but  he  (the  speaker) 
doubted  whether  the  method,  as  a  check,  would  be  improved  by 
dispensing  with  weighting  and  cutting  down  to  ten-year  groups. 
He  agreed,  however,  that  the  sum  assured  probably  would  not  vary 
very  considerably  within  a  ten-year  group,  and  that  if  this  grouping 
were  adopted  the  necessity  for  weighting  was  minimized.  In  dealing 
with  a  wider  range — and  personally  he  thought  this  was  desirable 
in  order  to  get  the  fullest  benefit  from  the  method  as  a  short  method 
of  check  valuation — some  form  of  weighting  was  essential,  or  the 
approximation  would  be  rather  rough.  A  point  about  which  he  was 
not  quite  clear  arose  in  paragraph  37,  where  the  author  referred  to 
the  valuation  of  limited  premiums  with  a  short  unexpired  term. 
The  author  said  "In  point  of  fact  the  assumption  leads  to  a 
"  systematic  error  which  could  be  corrected,  if  thought  to  be 
"  necessary,  the  approximate  values  always  being  more  than  the 
"  true."  He  (the  speaker)  did  not  understand  why  this  should  be 
so,  because  if  a  straight  line  were  fitted  to  a  ten-year  group  it 
followed,  he  thought,  that  some  of  the  values  would  be  higher  and 
some  would  be  lower  ;  that  was  in  fact  the  basis  of  the  approximation. 
If  the  author  meant  that  all  the  groups  showed  errors  in  excess 
that  was  probably  due  to  the  fact  that  he  had  not  weighted  his 
data,  and  this  would  confirm  his  (the  speaker's)  view  with  regard  to- 
the  necessity  of  weighting  in  some  cases. 
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One  other  point  he  would  mention  was  that  if  ten-year  groups 
were  employed  there  might  be  much  to  be  said  fer  applying  to  each 
of  those  groups  the  factor  approximating  to  the  mean  age  for  the 
group.  The  double  summation  method  might  in  such  circumstances 
be  less  simple  than  a  method  which  employed  an  approximate 
valuation  factor  for  the  group. 

Sir  JOSEPH  BURX  congratulated  the  author  on  having  given 
the  Institute  a  most  valuable  paper.  Papers  on  the  subject  of 
industrial  assurance  had  been  in  the  past  very  rare,  owing  mainly 
perhaps  to  the  fact  that  actuaries  who  were  engaged  in  industrial 
business,  and  in  dealing  with  its  various  problems,  became  so 
intimate  with  them  that  they  found  it  rather  difficult  to  believe 
that  any  of  their  methods  or  any  description  of  their  difficulties 
could  be  of  any  practical  importance  or  advantage  to  their  fellow 
actuaries. 

Referring  to  paragraph  19  of  the  paper,  he  thought  it  was  only 
fair,  in  reading  the  sentence  which  had  been  quoted,  to  read  also 
the  following  sentence,  which  he  thought  made  the  author's  meaning 
a  little  plainer:  "The  history  of  the  valuations  of  all  the  largest 
>k  offices  shows  that  the  actuaries  have  consistently  taken  steps  to 
"  strengthen  the  bases  upon  which  they  have  estimated  the  valuation 
"  of  the  liabilities  of  the  offices  they  serve."  The  matter  might  be 
made  a  little  plainer  still  in  a  very  few  words.  The  valuation  bases 
of  ordinary  offices  were  not  as  rule  adopted  for  the  purpose  of 
valuations  for  solvency.  They  were  bases  of  valuation  adopted  with 
a  view  to  present  and  future  distributions  of  profit.  Industrial 
assurance  companies'  contracts  were  not  with-profit  policies.  At  the 
same  time,  as  was  well  known,  many  of  the  companies  during  recent 
years  had  at  various  times  made  voluntary  increases  in  the  benefits 
granted,  which  increases  could  not  have  been  given  had  their 
valuation  bases  been  merely  tests  of  solvency. 

At  the  present  time  he  thought  there  was  no  doubt  that  all 
actuaries  connected  with  industrial  companies  were  most  anxious  to 
improve,  in  every  possible  way,  the  character  of  industrial  assurance. 
There  were  several  directions  in  which  improvements  might  be 
made.  For  instance,  there  was  the  subject  of  lapsing  and 
surrendering,  as  well  as  the  fundamental  problem  of  giving  greater 
benefits  for  the  premium  paid.  The  latter  subject  had  been  rather 
forced  on  them  by  the  very  sudden  increase  in  endowment 
assurances,  an  increase  wrhich  had  begun  in  the  ordinary  companies 
and  then  during  recent  years  had  spread  to  industrial  companies. 
In  his  view,  at  the  present  moment,  the  national  demand  wras  for 
cheap  industrial  endowment  assurances.  In  order  to  provide  those, 
the  immediate  necessity  wras  to  reduce  the  expense,  and  concurrently 
with  that  reduction  in  expense  he  thought  every  actuary  would  agree 
that  it  was  advisable  that  the  reserves  should  be  increased.  He 
believed  every  industrial  assurance  actuary  was  anxious  not  only  to 
decrease  the  rate  of  expense  at  which  industrial  assurance  was 
carried  on,  but,  by  means  of  that  decrease,  to  increase  his  reserve, 
in  order  to  enable  him  safely  to  increase  the  general  benefits  which 
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he  was  able  to  recommend  under  that  class  of  assurance  business. 
He  thought,  if  he  understood  the  author  correctly,  that  the  passage 
which  he  had  read  from  the  paper  was  an  indication  of  the  author's 
great  desire  that  the  utmost  possible  attention  should  be  given  to 
this  important  question  of  increasing  reserves. 

Mr.  H.  H.  AUSTIN  thought  there  was  no  doubt  that  the 
Power's  machines  opened  up  possibilities  of  handling  large  masses  of 
statistics  in  a  way  that  would  give  actuaries  much  more  powerful 
analyses  than  they  had  ever  had  before — for  instance,  in  such  a 
manner  as  the  author's  classification  of  his  data  in  geographical  areas. 

The  advantages  in  the  arrangement  of  the  author's  whole  life 
data  were  very  marked  in  certain  respects.  It  afforded,  as  he  had 
pointed  out,  a  very  ready  and  powerful  means  of  strengthening  the 
valuation-basis.  He  (the  speaker)  doubted,  however,  whether  the 
schedules  would  as  a  rule  be  as  simple  as  the  specimen  schedules 
given  by  the  author.  If  the  sum  assured  had  been  varied  at  any 
time,  as  was  not  uncommonly  the  case  in  industrial  offices,  or  if  it  had 
increased  during  the  first  10  years,  the  schedules  would  have  to  be 
subdivided.  The  method  adopted  in  his  (the  speaker's)  office  was 
the  usual  one  of  classifying  in  the  first  instance  by  years  of  entry 
and  then  by  valuation  ages.  For  check  purposes  the  full  valuation 
based  on  the  number  of  penny  policies  was  compared  with  an  entirely 
independent  valuation  based  on  the  liability  per  penny  policy.  The 
data  in  the  second  case  were  taken  direct  from  the  classification 
books,  so  that  any  error  in  extracting  the  data  would  be  detected. 

As  regards  endowment  assurances,  which  were  now  a  very 
important  section  of  the  business,  his  office  had  adopted  a  classification 
by  years  of  entry  and  original  terms,  the  entry  age  being  found  by 
dividing  the  premium  by  the  sum  assured.  That  seemed  to  give, 
in  the  case  of  a  large  volume  of  endowment  assurances, 
extraordinarily  accurate  results,  which  compared  quite  favourably 
even  with  the  Z  method  of  weighting.* 

The  first  requisite  of  any  method  of  valuation  in  industrial 
assurance  was  the  saving  of  skilled  work.  There  were  such  vast 
masses  of  material  to  be  dealt  with  at  times  of  great  pressure  that 
he  thought  the  only  methods  which  could  be  permanently  adopted 
were  those  which  so  organized  the  work  that  it  could  be  dealt  with 
by  unskilled  labour.  The  methods  of  valuation  and  check  valuation 
which  he  had  described,  worked  very  automatically.  They 
produced  two  sets  of  totals  which  should  be  identical,  and  it  was 
not  necessary  to  consider  whether  the  check-result  was  sufficiently 
near,  and  even  perhaps  to  investigate  whether  the  difference 
indicated  an  error  or  was  due  simply  to  the  method  of  approximation. 
The  author  anticipated  the  possibility  of  the  approximate  check 
method  being  adopted  for  ordinary  branch  valuations.  In  the 
ordinary  branch  valuation  endowment  assurances  were  the  main 
difficulty  and  he  doubted  whether  the  approximate  method  could  be 
applied  to  the  valuation  of  endowment  assurances,  at  any  rate 
without  weighting. 

*  See  paragraph  in  small  type  on  p.  191. — Eds.  J. LA. 
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Mr.  H.  L.  TRACHTEXBERG  remarked  that  the  previous 
speaker's  doubts  as  to  the  efficacy  of  the  approximate  check  method, 
when  applied  to  the  valuation  of  endowment  assurances,  were  he 
thought  unfounded.  The  method  employed  by  Mr.  Kenchington 
differed  very  little  in  accuracy  from  the  method  suggested  by  him  (the 
speaker)  some  time  ago  and  he  had  found  that  the  latter  gave  only 
a  small  error. 

Mr.  8.  Gr.  WARNER  said  that  the  author  had  contributed  a 
very  interesting  and  important  paper  to  the  proceedings  of  the 
Institute.  It  might  be  true,  as  the  author  suggested,  that  the 
attention  of  the  actuarial  world  at  the  moment  was  directed  towards 
the  principles  underlying  industrial  valuations  rather  than  the 
mechanism  of  valuation.  Still,  a  thorough  grasp  of  the  one  was 
of  help  in  considering  the  other.  The  author  had,  as  it  were, 
invited  his  readers  into  his  actuarial  workshop  and  had  given  them 
such  a  detailed  and  lucid  account  of  the  processes  as  must 
interest  them  all,  whether  they  were  directly  concerned  with 
industrial  assurance  or  not.  The  first  thing  that  struck  anyone 
who  had  not  had  to  do  with  industrial  assurance  was  the  entirely 
different  nature  of  the  problems  that  presented  themselves  to  the- 
practical  actuary  in  dealing  with  that  branch  of  actuarial  work — 
the  adoption  of  the  premium  instead  of  the  sum  assured  as 
the  unit,  the  enormous  number  of  small  contracts,  and  the  great 
amount  of  labour  involved.  In  that  connection  they  had  had  a  very 
interesting  explanation  of  Power's  machines.  So  much  had  been 
heard  about  these  machines  lately  in  connection  with  actuarial  work 
that  it  was  time  the  Institute  had  recorded  in  its  Transactions 
some  such  account  of  them  as  had  been  given  that  evening. 

He  was  very  glad  to  notice  that  in  paragraph  21  the  author 
spoke  quite  clearly  and  uncompromisingly  on  the  subject  of 
negative  values.  It  was  important  that  in  an  official  paper  read 
before  the  Institute  by  one  keenly  interested  in  and  actively 
engaged  in  industrial  assurance,  that  position  should  be  so 
unequivocally  taken  up. 

A  very  interesting  section  of  the  paper  dealt  with  the 
approximate  valuation  method  which  they  owed  in  the  first  instance 
to  Mr.  Henry.  It  was  instructive  to  see  how  the  subject 
was  approached  from  rather  a  different  point  of  view  with 
substantially  the  same  result.  It  must  be  remembered  that  the 
method  had  been  introduced  in  exceptional  circumstances.  The 
fact  that  the  department  with  which  Mr.  Henry  was  connected  had  to 
check  a  very  large  number  of  valuations  had  undoubtedly  made  such 
a  method  most  useful  and  most  desirable.  Similar  considerations 
applied  to  industrial  assurance  in  view  of  the  mass  of  facts  to  be 
handled.  The  question  naturally  arose  whether  the  method  would 
be  useful  in  connection  with  ordinary  assurance  work.  He 
remembered  being  present  when  the  late  Mr.  Woolhouse,  on  his 
last  public  appearance  in  that  Hall,  propounded  his  well-known 
method  of  making  a  check- valuation.  He  would  like  to  bear  witness 
to  the  fact  that,  considering  the  extreme  simplicity  of  Woolhouse's 
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method,  he  had  found  it  to  give  surprisingly  good  results.  He  had 
employed  it  on  many  occasions  and  had  always  found  it  answer  the 
practical  purpose  for  which  he  had  used  it.  Therefore  he  did  not 
know  that  for  the  purposes  of  ordinary  life  assurance  more  elaborate 
methods  were  likely  to  be  very  generally  adopted.  The  crux  of  an 
ordinary  life  assurance  valuation  was  the  data,  so  far  as  labour  was 
concerned.  When  one  had  the  data,  the  valuation  itself  was  not  a 
peculiarly  lengthy  or  formidable  process.  The  author  suggested 
that  possibly  in  future  approximate  methods  might  be  adopted 
for  actual  valuation  purposes  instead  of  merely  as  a  check.  It  must 
certainly  be  admitted  that  the  results  which  the  author  had  shown 
were  wonderfully  close  in  some  cases  to  those  obtained  by  the 
detailed  method.  Moreover,  all  valuations  were  approximate : 
assumptions  of  some  kind  necessarily  underlay  them  all. 

He  had  been  interested  in  what  the  author  had  said  about  the  Z 
function  in  endowment  assurance  valuations.  In  a  case  within  his 
(the  speaker's)  experience  a  section  of  a  large  fund  had  to  be  separately 
valued.  In  the  valuation  year  of  the  entire  fund  there  was  no 
difficulty,  but  the  valuations  of  the  section  had  to  be  made  annually, 
while  the  valuation  of  the  fund  of  which  it  formed  a  part  had  not, 
and  in  intermediate  years  the  Z  function  presented  a  difficulty. 
Time  was  of  importance,  and  an  assumption  similar  to  the  author's 
was  made.  In  course  of  time  the  entire  fund  was  again  valued  as 
a  whole,  the  Z  functions  up  to  date  Avere  again  available,  and  it  was 
found  there  was  a  perfectly  regular  progress  in  the  sectional 
valuations  during  the  interval.  This  confirmed  the  author's 
opinion. 

The  PRESIDENT,  in  moving  a  vote  of  thanks  to 
Mr.  Kenchington,  said  that  in  his  view  the  machines  which  had 
been  referred  to,  with  the  improvements  that  were  constantly  being 
developed  in  them,  had  added  immensely,  if  indirectly,  to  the 
interest  of  actuarial  work  in  the  sphere  in  which  such  machines 
could  properly  be  employed.  In  industrial  assurance  practice  he  had 
found  the  utmost  interest  in  putting  the  results  of  a  valuation 
under  the  actuarial  microscope,  but  owing  to  the  magnitude  of  the 
numbers  involved  and  the  complexity  of  the  data,  it  was  in  years 
gone  by  an  exceedingly  difficult  task  to  get  a  complete  conspectus  of 
the  working  of  an  industrial  assurance  fund.  These  modern 
tabulating  machines  had  added  enormously  to  the  facilities 
available  for  such  a  purpose. 

He  had  been  very  much  interested  to  notice  in  the  paper  that 
the  author  laid  emphasis  on  the  importance  of  the  valuation  data 
being  definitely  interlocked  with  the  general  financial  records.  He 
entirely  agreed  with  him.  He  thought  that  in  industrial  business, 
as  well  as  in  ordinary  life  assurance  business,  that  point  ought 
constantly  and  continously  to  be  kept  in  view.  For  example,  he 
had  had  in  the  last  few  days  to  consider  the  question  of  the  bearing 
of  the  item,  in  the  annual  balance  sheet  of  industrial  offices,  of 
"outstanding  premiums"  in  relation  to  valuation  bases.  It  was 
very  important,  Mr.  Kenchington  evidently  agreed,  that  negative 


1921.] 


Industrial  Assurance  Valuations. 


485 


values  should  be  excluded  from  the  assets  of  an  industrial  assurance 
fund.  It  was  very  difficult,  however,  to  find  whether  that  principle 
was  carried  out,  in  all  cases,  to  the  exclusion  from  the  assets  of  the 
outstanding  premiums  on  policies  with  negative  values.  This 
point  required  attention,  of  course  in  a  practical  way,  equally  with 
that  of  the  exclusion  from  the  asset  "  outstanding  premiums  "  of  any 
commissions  to  which,  in  the  ordinary  course  of  payment,  these 
premiums  would  be  subject. 

He  desired  principally  to  refer  to  the  much-debated  paragraph 
19.  All  actuaries  would  understand  perfectly  the  point  which 
the  author  had  intended  to  make.  If  the  sentence  which  had  been 
referred  to  several  times,  namely,  In  most  cases  the  actuary  of  an 
"  industrial  assurance  company  is  faced  with  the  problem  of  making 
'*  the  valuation  as  stringent  as  the  resources  available  will  allow'', 
were  taken  in  isolation  and  apart  from  its  context,  it  was  liable  to 
create  a  false  impression  and  one  certainly  that  the  author  did  not 
intend  to  convey.  It  would  create  an  impression  as  to  the  purpose 
of  valuation  which  Parliament  did  not  intend  in  framing  the 
valuation  requirements  of  the  Act  of  1870,  now  re-enacted  in  the 
Act  of  1909.  He  was  so  sure  of  what  was  in  the  author's  mind, 
and  so  sure  that  it  was  confirmed  by  the  opinion  of  all  actuaries, 
that  he  would  have  deemed  it  unnecessary  to  refer  to  the  matter, 
but  for  the  uncomfortable  discovery  that  he  had  made  more  than 
once  that  the  doctrine  which  that  sentence,  taken  in  isolation, 
seemed  to  embody,  was  in  fact  the  doctrine  acted  upon  in  certain 
cases.  He  noticed  that  in  the  returns  for  the  year  1919,  there  were 
two  cases  in  which  companies  had  valued  the  gross  premium,  less 
ten  per-cent  for  expenses  of  management,  in  circumstances  where 
the  renewal  commission  alone  was  probably  on  the  average  about 
20  per-cent,  and  that  some  attempt  was  made  to  give  the  valuation 
a  better  appearance  by  adding  to  the  amount  reserved  for 
management  expenses,  as  though  it  might  be  treated  as  available 
for  the  purpose,  the  amount  which  had  been  struck  off  as  representing 
negative  values.  In  cases  su<vh  as  that  it  would  be  found,  without 
surprise,  that  correspondence  arose  between  the  company  concerned 
and  the  Board  of  Trade,  and  that  in  due  course  the  correspondence 
was  presented  to  Parliament.  That  was  not  a  satisfactory  state  of 
affairs  ;  he  deplored  the  existence  of  valuation  methods  which  could 
lead,  even  indirectly,  to  criticism  of  actuarial  discretion  and  actuarial 
strength  of  purpose  in  any  return  submitted  to  Parliament.  He 
thought  the  difference  of  opinion,  so  far  as  there  was  a  difference 
between  them  in  that  room  as  to  the  proper  basis  of  valuation  of 
an  industrial  company,  was  one  of  degree  and  in  itself  not  very 
large.  He  thought  all  present  would  endorse  the  view  that  there 
must  be  some  minimum  standard  below  which  no  actuary,  in 
making  a  valuation  of  a  company,  ought  to  permit  himself  to  go. 
In  certain  cases  open  to  criticism  the  companies  concerned  were 
small.  But  the  policyholders  were  comparatively  numerous,  their 
interests  were  at  stake  and  they  were  entitled  to  the  protection  of 
a  reliable  valuation.    There  seemed  to  be  an  idea,  however,  in  those 
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cases,  that  the  valuation  was  comparatively  unimportant,  and  the 
companies  seemed,  in  fact,  to  assess  their  liabilities  on  a  basis 
determined  by  the  amount  of  assets  that  they  had  in  possession. 
That  meant  that  between  the  strongest  and  the  weakest  bases  of 
valuation  there  was  a  very  wide  gap  and,  possibly  in  the  hope  that 
that  gap  would  be  closed,  there  was  a  good  deal  of  discussion  going 
on  among  actuaries  as  to  what  lines  of  policy  should  be  adopted 
by  the  actuary  for  his  guidance  in  undertaking  the  responsible 
work  of  valuing  an  industrial  assurance  company.    But  he  feared 
that,  while  they  were  discussing  the  matter  and,  perhaps,  coming 
slowly  to  a  definite  professional  opinion  to  which,  as  he  had  had 
the  privilege  of  suggesting  some  months  ago,  the  actuary  who  found 
himself  in  difficulty  could  appeal  for  guidance  and  support,  there 
were  other  interests  at  work,  and  operating  in  a  way  gravely  to 
increase  the  difficulties  by  which  the  actuary  was  confronted.  It 
had  been  his  privilege — if  it  had  been  a  privilege  ;  sometimes  he 
was  inclined  to  doubt  it — to  sit  upon  the  Departmental  Committee 
which  had  enquired  into  the  system  of  industrial  life  assurance. 
Among  those  who  had  come  to  give  evidence  before  that  Committee 
were  representatives  of  the  outside  staffs  of  some  of  the  companies. 
Their  attitude  was  as  follows  :  the  larger  the  reserves  were  made 
the  smaller  was  the  sum  available,  out  of  the  premiums,  for  rewarding 
the  industry  of  the  agents.    One  witness  had  gone  so  far  as  to 
say :   "I  distinctly  say  that  the  reserves  put  aside  by  assurance 
**  companies  are  too  large.    It  is  not  necessary."    That  witness  then 
went  on  to  compare  the  valuation  reserves  of  two  offices  with  their 
respective  premium  incomes.    He  said  in  effect :    "  Here  is  one 
"  office  that  makes  a  reserve  equal  to  six  times  its  annual  premium 
"  income  and  here  is  another,  and  a  very  large  office,  which  makes  a 
"  reserve  equal  to  one  and  a-half  times  its  annual  premium  income. 
':  It  might  be  argued  that  the  latter  office  is  insolvent.    Not  at  all. 
"  We  all  know  that  it  is  not  insolvent  ",  and  the  witness  proceeded 
to  draw  the  inference  he  desired.    After  other  questions,  the 
following  was  put  to  this  witness  :  "  If  more  money  is  required  by 
"  the  agents,  you  propose  to  get  some  of  that  money  by  diminishing 
"  the  sum  which  is  now  put  by  the  societies  into  reserve  to  meet  their 
"  liabilities  "  ?  and  the  answer  was  :  "  I  have  answered  that — yes." 
It  did  seem  ludicrous  that  such  ideas  should  obtain  credence  and 
should  be  seriously  advanced  before  a  Committee  of  Inquiry  set  up 
by  a  Government  Department,  but  there  was  the  fact,  and  they 
should  realize  that  those  who  put  such  views  forward  were  highly 
organized  and  were  able  to  exert  great  strength  in  promoting  their 
objects.    He  wanted  to  suggest  once  more  to  his  colleagues  of  the 
Institute  of  Actuaries  that  they  should  be  prepared  to  express 
definite  professional  views  in  regard  to  the  valuations  of  industrial 
assurance  companies,  and  views  of  such  a  character  as  to  lessen 
existing  differences  of  practice.    Only  in  this  way,  he  thought, 
could  actuaries  effectually  maintain  their  professional  authority 
against  such  subversive  influences  as  those  to  which  he  had  referred. 

Mr.  C.  W.  KENCHINGTON,  in  reply,  said  that  if  there  was  any 
ambiguity  in  what  he  had  said  in  paragraph  19  he  did  not  feel  that 
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he  need  apologize  for  having  expressed  his  meaning  in  ambiguous 
terms,  as  it  had  brought  forth  an  expression  of  opinion  which  he 
felt  sure  would  be  of  advantage  to  the  profession  as  a  whole. 

The  use  of  mechanical  methods  in  industrial  assurance  valuations 
had  been  referred  to  as  the  introduction  of  factory  methods  into 
actuarial  work,  but  actuarial  science  had  expanded  so  much  that  it 
was  necessary  to  take  every  available  means  to  bring  the  actual 
work  into  such  a  form  as  would  render  it  possible  for  it  to  be  done 
both  easily  and  economically.  One  of  the  special  advantages  to  be 
derived  from  the  use  of  machines,  besides  those  already  referred  to 
in  the  paper,  was  that  of  saving  expense.  Mr.  Peters  had  referred 
to  the  use  of  the  Power's  machines  in  a  different  form  from  that 
in  which  he  himself  had  used  them.  Mr.  Peters,  however,  was 
dealing  with  the  tabulation  necessary  for  the  purpose  of  making  the 
valuation  of  the  whole  of  his  data  at  the  outset.  He  (Mr.  Kenchington) 
could  not  contemplate  that  such  a  process  could  be  gone  through 
regularly  year  after  year,  and  he  considered  that  it  was  absolutely 
necessary  to  carry  on  the  valuation  data  by  means  of  class  books 
from  valuation  to  valuation.  He  (Mr.  Kenchington)  felt  it  right  to 
make  full  acknowledgment  of  the  valuable  services  that  had  been 
rendered  by  his  assistant.  Captain  Phillips,  both  in  the  actual  work 
of  adapting  Power's  machines  to  industrial  assurance  purposes,  and 
in  the  description  of  the  machines  that  had  been  furnished  in 
paragraphs  i  to  16  of  the  paper. 

With  regard  to  the  approximate  check  method,  Mr.  Henry  had 
suggested  that  as  the  grouping  extended  over  such  a  short  period  as 
ten  years  the  check  valuation  might  possibly  have  been  mad*- 
equally  well  by  using  valuation  factors  dependent  upon  the  mean  age. 
but  he  (Mr.  Kenchington)  would  point  out  that  for  the  purpose  of 
obtaining  the  mean  age  it  would  be  necessary  to  make  the  second 
summation  of  the  valuation  data  and  to  divide  that  by  the  first 
summation.  The  process  would  involve  the  individual  calculation 
of  the  mean  age  at  least  to  one  and  possibly  to  two  places  of  decimals 
and  then  it  would  be  necessary  to  interpolate  to  obtain  the  valuation 
factors  appropriate  to  the  mean  ages.  He  (Mr.  Kenchington) 
preferred  to  take  the  course  of  making  the  first  and  second 
summations  and  then,  with  the  prepared  constants,  to  obtain  the 
values  straight  away. 

Mr.  Austin  had  raised  the  question  whether  the  schedules  provided 
all  that  was  necessary,  and  had  referred  particularly  to  the  variation 
in  sums  assured.  In  drafting  the  schedules  for  the  paper  he  had 
wanted  to  make  the  matter  as  simple  as  he  could  and  therefore  had 
not  referred  to  the  possibility  of  having  to  sectionalize  the  work 
according  to  groups  of  years  of  entry.  In  the  valuation  with  which 
he  was  concerned  there  had  been  variations  of  sums  assured  from 
time  to  time,  and  personally  he  had  to  deal  with  three  groups  of 
schedules  such  as  those  to  which  Mr.  Austin  had  referred  :  but  this 
presented  no  difficulty  ;  it  only  became  necessary  to  make  a  summary 
of  the  groups  in  order  to  obtain  the  grand  total. 

With  reference  to  the  President's  remarks  regarding  the 
•  xclusion  of  outstanding  premiums  upon  policies  with  negative 
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values,  he  thought  that  from  an  administrative  point  of  view  there 
would  be  great  difficulties  in  making  such  an  exclusion.  He  was 
not  sure  whether  in  fact  it  would  be  possible,  except  by  way  of 
estimate.  The  outstanding  premiums  as  they  figured  in  the  accounts 
of  the  offices  were  generally  reduced  in  various  ways — for  example 
by  the  exclusion  (as  the  President  himself  had  assumed)  of 
commission.  Whether  it  was  possible  to  go  further  and  exclude 
outstanding  premiums  upon  policies  which  had  negative  values — 
or  would  have  negative  values  if  the  negative  values  were  not 
excluded — was  a  matter  of  some  doubt. 


A  Group-check  for  Endowment  Assurance  Net  Premiums,  by 
means  of  mean  ages  based  on  the  Z  method. 

1.  In  the  theory  of  the  Z  method  it  is  shown  (J. I. A., 
vol.  xxxviii,  p.  3)  that  if  the  mortality  table  follow  Makeharn's 
Law,  lx.  =  lisxgCT,  we  may  express  ax^\  in  the  easily -remembered 
symbolic  form  ec*y*a0;  where  y  =  \ogeg,  a0,  ax  .  .  >  ,  represent 
the  values  of  annuities- certain  for  u  years  calculated  at 
successive  rates  of  interest,  and  A  is  the  symbol  of  differencing, 
acting  on  a0  only.  It  is  evident  that  the  corresponding 
expression  for  ax^\  will  be  e''xyAa0,  and  expanding  we  shall 
have 

a , i  i  =  a0 -f  c*y .  Aa0  +  c™y*A*a0/  2  +  ( 1 ) 

2.  Taking  the  reciprocal  of  (1),  either  by  ordinary 
algebraical  division  or  by  using  formula  (V),  J. I. A.,  vol.  li. 
T>-  41, 

This  is  of  the  same  form  as  (1),  and  therefore  the  mean  value 
of  Pa»n  +  d  or  of  ~PXn\  in  a  group  in  which  n  is  constant  and  x 
varies  may  be  found  approximately  by  means  of  the  mean  age 
derived  by  the  Z  method.  The  success  of  that  method  depends 
upon  the  rapid  convergence  of  the  series'*  and  particularly  on 

*  More  convergent  series  for  a,  a  and  P.  leading  to  the  same  mean  ages,  may 
he  obtained  hy  reckoning  the  ages  from  the  menu  age  of  the  group,  or  from 
any  age  near  the  central  sige  of  the  group,  instead  of  from  age  0.  Putting 
lx  =  Jc' '.sx-x(/cx~x ,  we  shall  get  series  similar  to  (1)  and  (2y  but  proceeding  by 
powers  of  ycx~x  instead  of  powers  of  ycx .  In  these  series,  r/0,  ait  a2,  .  .  .  will 
represent  the  values  of  life  annuities  at  age  x  (instead  of  annuities-certain)  at, 
successive  rates  of  interest,  and  the  ratios  of  A2a/&a  will  be  smaller  than  before, 
a  condition  which  will  further  increase  the  convergence  of  the  scries.  Kxcept 
for  l he  greater  difficulty  of  calculating  the  numerical  values  of  <70,  &c„  it  would 
perhaps  have  been  better  to  develop  the  whole  theory  of  the  Z  method  on  the 
basis  of  these  more  convergent  series. 
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the  smallness  of  the  ratio  of  the  third  term  to  the  second.  It 
will  be  found  that  the  presence  of  the  negative  element  in  the 
coefficient  of  the  third  term  in  (2)  makes  the  ratio  in  question 
smaller  in  (2)  than  it  is  in  (1) ;  and  it  may  therefore  be 
expected  that  the  Z  method  will  give  a  mean  value  of  P  even 
more  accurate  than  the  mean  value  of  a  or  a  corresponding  to 
the  same  distribution. 

3.  This  may  be  illustrated  by  examples.  (A)  Taking  the. 
values  on  the  basis  0M(5)  3  per-cent  of  ax^\  for  .v  =  20,  25,  .  .  . 
50  (corresponding  to  M=:40,  45,  .  .  .  70),  the  successive  values 
of  A5.ax+52o\lA5.aJ-,iJ  are  1*54,  1  53,  1*52,  1*48,  1*44,  showing 
a  progressive  falling*  aAvay  from  the  value  of  c5=T57.  The 
corresponding  values  of  A5.  P,+5  L7^/A5 .  Px2Tj  are  1*57,  1*57, 
L*58j  1*56,  1*58,  showing  only  small  and  casual  variations  from 
the  value  c5=l'57.  We  should  therefore  expect  to  get  by  the 
Z  mean  age  a  very  close  approximation  to  the  mean  value  of 
P,  and  this  is  confirmed  by  trial.  Taking  equal  weights  at 
ages  20,  25. .  .  .  50,  the  true  mean  values  of  and  Px2T|  are 
respectively  13*252  and  *04J  19 ;  and  the  values  of  a  and  P 
corresponding  to  the  Z  mean  age  (39^)  are  respectively 
13-223  and  '04118.  (B)  On  the  same  basis  taking  7i  =  30, 
a?=;20,  25,  .  .  .  10,  M  =  50,  55,  ...  70,  the  results  may  be 
briefly  summarized  as  follows.  Ratios  of  A5a,  1*51,  1*49,  1*44  ; 
ratios  of  A5P,  1*5 7,  1*56,  1*55.  With  equal  weights  at  ages 
20,  25,  .  .  .  40,  the  true  mean  values  of  a  and  P  are 
respectively  17*022  and  "02643,  while  the  values  of  a  and 
P  corresponding  to  the  Z  mean  age  (32^)  are  respectively 
16*995  and  *02645.  The  results  on  the  q[M]  Table  would 
evidently  be  similar,  since  that  table  follows  MakehanVs 
Law  with  the  same  value  of  c. 

4.  In  the  important  practical  case  of  the  0M  Table  we 
should  expect  results  less  accurate — though  accurate  enough 
to  supply  a  valuable  check  on  gross  errors — because  that 
table  does  not  follow  Makeham's  Law,  and  the  application  of 
the  Z  method  involves  the  assumption  that  the  mortality  can 
be  adequately  represented  by  Makeham?s  Law  with  a  uniform 
value  of  c,  usually  taken  in  practice  as  1*08,  for  the  ages 
with  which  we  are  principally  concerned  in  Endowment 
Assurance  business.  Taking  the  same  examples  as  before, 
but  on  the  O31  basis,  the  results  may  be  summarized  as 
follows.  (A)  Patios  of  A,a,  1*29,  128,  1*35,  1*41,  142, 
steadily  increasing  but  all  less  than  e5=  1*47.  Corresponding 
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values  of  A5P,  1'29,  1-33,  1*41,  1*49,  1*55,  steadily  increasing, 
earlier  values  less  but  later  values  greater  than  c5.  True 
mean  value  of  ax^\  and  2T| ,  13*366  and  '04066  respectively. 
Values  of  ax^\  and  P^gTI  corresponding  to  the  Z  mean  age 
(381),  13-324  and  '04069  respectively.  (B)  Ratios  of  A5a, 
1*30;  1  "31,  1*34,  slightly  increasing  but  all  considerably  less 
than  c5.  Ratios  of  A5P,  1*35,  1*39,  1*46,  steadily  increasing, 
practically  up  to  c5.  True  mean  values  of  ax^\  and  p£."8i|, 
17*237  and  *02580  respectively.  Values  of  a  and  P  corres- 
ponding to  the  Z  mean  age  (31f),  17*185  and  -02587  .* 

5.  The  writer  is  not  able  to  give  the  results  of  a  compre- 
hensive test  on  the  0M  Table,  but  the  above  results  encourage 
the  hope  that  the  test  would  be  a  valuable  one,  the  accuracy 
of  which  could  no  doubt  be  improved  by  a  simple  system  of 
small  adjustments  of  the  Z  mean  ages  (cf.  J.I. A.,  vol.  xxxviii, 
p.  49),  such  adjustments  being  based  on  the  average 
distribution  of  the  business  of  each  particular  Office. 

6.  In  the  writer's  own  Office  the  valuations  are  made  on 
Offices'  0M(5)  Table,  and  consequently  only  the  0M(^  Z's  are 
available,  while  the  net  premiums  are  based  on  the  0M  Table. 
Extensive  trials  of  the  test  here  described  have  been  made 
for  the  whole  of  the  Endowment  Assurance  business  for  some 
years.  It  has  been  found  that,  by  making  a  small  constant 
deduction  from  the  0M(5)  mean  ages,  so  close  a  check  can  be 
obtained  on  the  0M  pure  premiums  as  to  detect  quite  small 
errors  in  individual  policies.  If,  however,  the  results  are 
found  in  practice  to  be  less  close  the  fineness  of  the  test  can 
of  course  be  increased,  with  little  additional  trouble,  by 
dividing  each  group  into  two  or  more  sections — a  course 
which  may  be  otherwise  convenient  for  balancing*  purposes. 

7.  It  is  to  be  observed  that  the  method  really  supplies  a 
concurrent  test  of  the  Z's  and  the  pure  premiums,  since  any 
considerable  error  in  either  would  be  disclosed  by  a  corres- 
ponding discrepancy  between  the  pure  premiums  separately 
calculated  and  those  calculated  by  the  mean  age  method. 

8.  The  practical  working  of  the  test  is  of  course  very 
simple,  because  for  the  purpose  of  placing  the  new  business 
on  the  books  the  business  will  almost  certainly  be  divided 
into  groups  corresponding  to  the  original  terms  of  the 
assurances,  that  is  in  precisely  the  form  required  for  the  test. 

*  The  tests  in  paragraphs  4  and  5  are  rather  severe,  since  equal  weights  of 
maturity-ages  ranging  from  40  to  70  are  hardly  likely  to  arise  in  practice. 
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It  will  of  course  be  necessary  to  exclude  (1)  cases  "  dated 
back"  to  a  previous  year,  involving  a  disturbance  of  the 
original  term,  (2)  cases  of  specially  adjusted  premiums,  as  for 
policies  transferred  and  converted  from  other  classes,  (3)  the 
sums  assured  and  corresponding  Z's  for  paid-up  policies  if 
these  are  included  in  the  same  classification  with  the  annual 
premium  policies.  It  may  also  be  desirable  to  exclude  any 
exceptionally  large  or  otherwise  "  abnormal  "  case  (cf.  J.I.A., 
vol.  xxxvhi,  p  32),  though  in  practice  this  is  but  rarely  found 
to  be  necessary. 

9.  The  above  remarks  may  throw  some  light  on  the  method  of 
classification  of  Industrial  Endowment  Assurances  recently  referred 
to  by  Mr.  H.  H.  Austin,  vide  supra,  p.  482.  Mr.  Austin  "adopted 
'  a  classification  by  years  of  entry  and  original  terms,  the  entry 
'  age  being  found  by  dividing  the  premium  by  the  sum 
"  assured/'  The  mean  entry  age  so  found  increased  by  the 
original  term  would  give,  as  the  above  results  show,  a  very  close 
approximation  to  the  mean  maturity  age,  found  by  the  Z  method,  if 
the  pure  net  premiums  were  used  ;  and  assuming  the  loading  to  be 
fairly  expressible  as  a  constant  plus  a  percentage  of  the  pure 
premium,  very  similar  results  would  be  obtained  by  working  on  the 
office  premiums.  The  method  in  question  is  therefore  virtually 
another  way  of  bringing  out  a  Z  valuation,  basing  the  Z's  on  the 
premiums  instead  of  on  the  sums  assured  ;  and  as  the  two  sets  of 
mean  ages  are  not  found  in  practice  to  differ  materially  (rf.  J  I. A., 
vol.  xxxviii,  pp.  16-19),  the  method  might  be  expected  to  give,  as 
Mr.  Austin  rinds  that  it  gave,  "  results  which  compared  quite 
favourably  even  with  the  Z  method  of  weighting." 

G.  J.  L. 


LEGAL  NOTES. 
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(1)  7s  the  difference  between  the  amount  paid  for 
Provident         Treasury  Bitts  and  the  amount  received  whether  on  a 

Institution  ,  .  , ,  _  7  . 

Brown  sa^e  or  at  m(duritij  a  "  prop,  on  discount  "  within  Case  3 

provident  Mntnai  of  Schedule  D  of  the  Income  Tax  Act.  1842.  and  (2) 

Life  Assurance  *  ' 

Association  may  a  person  oe  charged  with  income  tax  in  respect  of 
S 3  k.b.  35    such  a  difference  in  a  year  in  which  no  such  bitts  are 

37  T  L  R  80-3 

held  and  no  transactions  take  place  in  respect  thereto  ? 

"  Yes  ",  said  the  House  of  Lords,  in  regard  to  (1)  and  "  No  " 
in  regard  to  (2). 

It  will  be  recalled  that  Rowlatt.  J.,  decided  all  points  in 
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favour  of  the  Crown  as  already  reported  in  this  Journal  in 
vol.  li,  p.  352,  where  the  full  facts  of  the  case  will  be  found.  On 
appeal  the  Court  of  Appeal  materially  varied  the  judgment  of 
Kowlatt,  J.,  by  making  a  distinction  between  Bills  sold  during 
their  currency  and  Bills  held  to  maturity.  In  regard  to  the 
former  by  a  majority  the  Court  decided  that  it  was  necessary  to 
send  the  case  back  to  the  Special  Commissioners  to  decide  in 
the  case  of  each  appeal  how  much  represented  actual  discount 
and  how  much  represented  an  accretion  to  capital.  The  Court 
unanimously  reversed  the  verdict  of  Rowlatt,  J.,  on  the  point  as 
to  whether  an  assessment  could  properly  be  made  in  a  year 
where  no  bills  were  held  and  no  transactions  took  place.  On 
the  point  of  Bills  sold  before  maturity  Lord  Sterndale,  M.R., 
said  :  "  The  case  where  the  bill  is  sold  before  maturity  is  not  so 
"  simple.  If  all  other  elements  were  eliminated  the  increased 
t£  value  of  the  bill  would  be  regulated  by  the  extent  to  which  it 
"  had  advanced  towards  maturity.  But  the  other  elements 
"  cannot  be  eliminated.  The  price  of  the  bill  in  the  market 
"  depends  upon  the  state  of  the  money  market  and  the  rise  or 
"  fall  in  the  value  of  money  and  any  increased  price  attributable 
"  to  these  causes  cannot  be  taxed  as  profit  on  a  discount.  In 
"  the  case  of  a  sale,  therefore,  I  think  the  only  amount  that  can 
"  be  taxed  is  the  amount  by  which  the  bill  has  increased  in  value 
'£  by  reason  of  its  advance  towards  maturity  and  the  consequent 
t£  accrual  of  interest  upon  it.  The  amount  of  profit  arising  from 
"  the  fluctuation  in  value  of  money  does  not  arise  from  the 
"  discount,  i.e.,  the  difference  between  the  present  value  and  the 
££  value  at  maturity,  and  does  not  therefore  come  within  the 
"  words  '  profit  on  a  discount.'  It  might  be  taxed  as  profits 
"  arising  from  a  business  of  discounting,  but  the  Crown  have 
"  deliberately  elected  not  to  assess  the  appellants  under  this 
"  head,  no  doubt  because  in  that  case  account  would  have  to  be 
"  taken  of  losses.  It  follows  from  this  that  the  appellants  have 
"  not  been  assessed  on  a  right  principle  in  the  case  of  sales  for 
"  they  have  been  assessed  on  the  total  profits  made  on  the  sales, 
"  and  the  case  should  go  back  to  the  Commissioners  in  order 
,£  that  the  proper  adjustment  should  be  made  in  these  cases."' 
Scrutton,  L.J.,  on  the  same  point  said  :  ££  The  price,  therefore, 
k£  of  a  Treasury  Bill  would  depend  on  two  matters  :  (1)  How 
"  much  interest  or  discount  had  accrued  by  the  progress  of  the 
££  bill  towards  maturity  ;  (2)  how  much  the  value  of  the  promise 
t£  to  pay  had  altered  by  the  rise  or  fall  of  the  value  of  money. 
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"  While  in  taxation  of  a  trade  the  latter  element  would  be 
"  included  in  the  profits  of  the  trade,  in  my  opinion  in  the 
"taxation  of  interest  or  discount  it  is  not  included,  for  it  is 
"  appreciation  or  depreciation  of  the  capital  sum.  If  the  Crown 
taxed  an  insurance  company,  or  a  discount  house,  as  a  trade, 
'*  then  profits  by  the  sale  of  bills  during  currency  would  be 
"  included,  but  then  the  taxpayer  would  deduct  his  working 
"  expenses  and  his  losses.  The  representatives  of  the  Crown 
"  think  they  do  better  by  taxing  an  insurance  company  on  the 
"  interest  of  its  accumulated  funds,  and  not  as  a  trade.  They 
"  may  be  wise  to  do  this,  but  if  they  make  this  election  they 
"  cannot,  in  my  view,  assess  as  interest  or  discount  what  is 
"  really  a  profit  from  buying  and  selling,  additional  to  interest. 
"*  The  result  in  the  present  case  appears  to  be  that  where  the 
" "  Institution  has  been  taxed  in  respect  of  the  year  when  Treasury 
"  Bills  mature,  on  bills  held  to  maturity,  on  the  difference 
"  between  amounts  paid  and  amounts  received,  it  is  rightly 
" '  taxed  ;  but  that  where  the  Institution  is  taxed  on  bills  sold  or 
"  discounted  within  the  year  on  the  difference  between  amounts 
"  paid  and  amounts  received,  it  is  wrongly  taxed,  for  it  is  being 
"  taxed  not  only  on  interest  or  discount,  but  on  an  amount 
"  increased  by  appreciation  or  accretion,  or  decreased  by  loss,  of 
"  capital/' 

Dissenting  from  these  judgments,  Warrington,  L.J.,  said  : 
"  When  a  holder,  whether  the  original  purchaser  or  not,  realizes 
*"  during  currency,  he  really  receives  a  proportion  of  the  total 

profit  resulting  from  the  fact  that  the  bill  was  bought  at  a 
"  discount.  It  is  true  that  that  proportion  may  not  bear  an 
*"  exact  relation  to  the  period  of  currency  but  may  be  determined 
"  by  variations  in  the  value  of  money,  in  the  public  credit  and 
"  so  forth.  But  it  seems  to  me  that  the  total  of  the  profits 
"  received  by  the  various  sellers  after  deducting  losses,  if  any. 
* '  cannot  exceed  the  difference  between  the  price  originally  paid 

and  the  sum  payable  at  maturity,  and  that  the  considerations 
" '  I  have  referred  to  merely  affect  the  distribution  of  that 
"  difference  between  the  various  holders.    Profits  made  by 

discounting  bills  seem  to  me  to  rest  on  the  same  footing,  and 
"  conversion  into  War  Loan  also." 

On  the  second  point  as  to  whether  a  person  may  be  taxed 
under  Case  3  in  respect  of  a  year  in  which  there  have  been  no 
transactions,  Lord  Sterndale,  M.R.,  said  :  "  It  seems  to  me  to 
"  be  a  general  principle  of  income  tax  law  that  a  person  in  order 
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"  to  be  taxable  in  a  particular  year  must  have  an  income  arising 
"  from  a  source  existing  in  that  year,  and  in  order  to  justify  this 
"  assessment  the  Crown  must  show  some  reason  for  departing 
"  from  that  general  principle.  It  is  admitted  that  if  the  taxation 
"  be  in  respect  of  a  trade  or  business  or  an  office  or  of  property. 
' '  the  taxpayer  must  continue  in  the  year  of  charge  to  carry  on 
' '  the  trade  or  business  or  hold  the  office  or  the  property.  It 
"  was,  however,  contended  for  the  Crown  that  the  principle  did 
"  not  apply  in  this  case  because  by  the  first  rule  of  the  Third 
"  Case  the  duty  to  be  charged  was  computed  according  to  the 
' '  profits  of  the  preceding  year,  and  therefore  if  the  last  year 
"  was  not  taxed  because  there  was  no  source  one  year  escaped 
"  taxation  altogether.  I  do  not  think  the  first  rule  has  this 
"  effect.  The  provision  as  to  computation  of  profits  is  the  same 
"  as  that  in  respect  of  trades  "  ;  to  which  Warrington,  L.J., 
added  :  "It  was  argued  before  us  that  the  source  of  income 
"  was  the  possession  by  the  Institution  of  funds  for  investment 
"  and  that  such  source  existed  although  no  funds  were  invested 
"  in  the  particular  manner  in  the  year  of  assessment.  I  cannot 
"  accept  this  construction.  I  think  the  source  to  be  looked  for 
"  in  each  case  is  a  separate  source  from  which  the  profits  to  be 
"  charged  are  derived." 

When  the  case  came  before  the  House  of  Lords  the  decision 
of  the  Court  of  Appeal  was  varied  to  the  extent  of  diff ering  from 
the  view  of  the  majority  of  the  Court  of  Appeal  that  there  is 
any  distinction  between  Bills  sold  during  their  currency  and 
Bills  held  till  maturity.  On  the  other  point  the  House  (Viscount 
Cave  dissenting)  agreed  with  the  judgment  of  the  Court  of  Appeal. 
In  regard  to  the  first  point  Lord  Haldane  adopted  the  precise 
judgment  of  Warrington,  L.  J.,  quoted  above  which  in  his  opinion 
was  unanswerable.  On  the  second  point  Lord  Haldane  said  : 
"  It  seems  to  me  that  the  true  meaning  of  the  words  the 
"  Legislature  has  used  is  that  the  tax  is  intended  as  matter  of 
"  basic  principle  to  be  on  profits  and  gains  forming  income  in  the 
"  year  of  assessment,  though  not  measured  by  the  income  of 
"  that  year.  If  a  man  carries  on  business  by  buying  and 
k'  discounting  bills,  this  is,  I  think,  as  much  a  source  of  profit  as 
"  any  other  for  the  purposes  of  the  words  employed.  As  in  the 
"  case  before  us  it  is  agreed  that  there  was  no  such  source  I  think 
"  that  we  have  to  assume  that  there  was  no  income  on  which  to 
"  base  the  tax.  Reading  the  Income  Tax  Acts  as  a  whole,  it 
;<  appears  to  me  that  the  tax  is  one  of  a  single  kind  based,  speaking 
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"  broadly,  on  a  single  principle.  It  is  imposed  on  existing 
"  income,  however  the  amount  to  be  levied  is  to  be  computed  in 
■*  particular  instances.  This  appears  to  be  the  scheme  followed 
"  out  in  the  .Vets,  and  I  think  that  if  departure  from  it  is  alleged 
"  *  at  any  special  point,  the  departure  ought  to  be  clearly 
"  demonstrated.  The  natural  construction  of  the  language  of 
"  the  third  clause  of  Schedule  D  appears  to  me  to  be  that  the  tax 
is  imposed  only  where  there  are  profits  and  gains  arising 
"  within  the  year  of  assessment,  but  that  the  amount  payable  is 
"  to  be  measured  by  reference  only  to  the  profits  and  gains 
"  arising  within  the  preceding  year/' 

Lord  Cave  in  a  dissenting  judgment,  agreed  with  the  view 
held  by  Rowlatt,  J.,  that  *';  the  Legislature  has  regarded  the 
"  taxpayer  himself  as  the  only  source  of  profit  which  need  exist 
"  in  the  year  of  assessment  and  has  taxed  him  upon  any  profits 
' '  of  this  character  which  he  may  have  made  in  the  preceding  year." 

Lord  Cave  seemed  much  impressed  by  the  possibility  of  the 
decision  of  the  Court  of  Appeal  leading  to  the  curious  position 
that :  ''a  taxpayer  if  he  should  think  fit  to  confine  his 
transactions  of  this  character  to  alternate  years  would  enjoy 
"  all  his  profits  on  such  transactions  without  liability  to  tax." 
This  point  was  answered  by  Lord  Sumner,  who  said  that  ;*  this 
"  in-and-out  attention  to  business  is  easier  to  state  in  theory 
"  than  to  carry  out  in  practice." 

Lord  Atkinson's  judgment  was  useful  as  containing  a  very 
exhaustive  review  of  the  Income  Tax  Acts  and  he  made  a  point 
that  in  the  present  case  the  Income  Tax  Authorities  are 
evidently  aiming  to  read  into  the  Income  Tax  Acts  the  special 
provisions  of  the  Finance  (1909 — 10)  Act  of  1910  in  regard  to 
super-tax.  His  Lordship  was  considerably  impressed  by  the 
fact  that  the  Crown  were  unable  to  produce  a  single  authority 
in  their  favour  in  spite  of  the  fact  that  they  were  proceeding  under 
an  Act  passed  80  years  ago. 

Where,  in  contemplation  of  a  marriage  a  policy  of 
Attorney -General  assurance  jg  taken  out  by  t7ie  intended  husband  in  his 

Tne  Public  °  . 

Sskb  675  01111  name  on  l'ie  understanding  that  an  uncle  of  the 
intended  ivife  shall  pay  the  first  and  all  subsequent 
premiums  and  such  policy  is  brought  into  the  Marriage 
Settlement,  is  succession  duty  payable  in  respect  of  the 
policy  moneys  as  on  a  succession  from  the  uncle  ? 

Yes",  said  Mr.  Justice  Rowlatt,  on  the  facts  which  were 
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shortly  as  follows :  The  intended  husband  entered  into  an 
agreement  which  provided  inter  alia  that  he  should  effect  a 
policy  on  his  life  for  £2,000  upon  which  the  husband  of  an  aunt 
of  the  wife  agreed  to  pay  the  first  and  all  other  premiums  as  thev 
should  become  due  during  the  joint  lives  of  the  husband  and 
wife.  The  uncle  paid  the  first  premium  before  the  Marriage 
►Settlement  was  made  and  continued  to  pay  the  premiums  down 
to  the  time  of  his  death  after  which  the  premiums  were  paid  by 
his  executors  until  the  death  of  the  husband,  who  had  survived 
his  wife.  The  Crown  claimed  that  on  the  death  of  the  husband 
Succession  Duty  became  payable  by  the  Defendant,  who,  in  the 
meantime,  had  been  appointed  Trustee  of  the  Marriage 
Settlement,  as  on  a  succession  from  the  uncle  by  virtue  of  the 
disposition  made  by  the  Settlement.  In  giving  judgment  for  the 
Crown,  Rowlatt,  J.,  said  :  "A  certain  policy  of  insurance  on 
"  the  life  of  the  Rev.  J.  Hart  Davies,  which  had  been  effected  by 
•-  him  in  contemplation  of  his  approaching  marriage,  and  on 
"  which  the  first  premium  had  been  paid  by  Sir  M.  J.  Cholmeley, 
"  an  uncle  of  the  intended  wife,  was,  by  the  marriage  settlement, 
"  assigned  upon  the  trusts  therein  declared  in  favour  of  the 
"  husband,  wife  and  children  of  the  marriage,  and  all  the 
"  subsequent  premiums  on  the  policy  have  been  paid  by  the 
"  uncle  or  his  executors  ;  and,  the  husband  having  died,  the 
"  question  is  whether  the  trustee  of  the  settlement  on  behalf  of 
"  the  beneficiaries  takes  the  policy  moneys  from  the  husband  or 
"  from  the  uncle  as  6  predecessor '  within  the  meaning  of  s.  2  of 
"  the  Settlement  Duty  Act,  1853.  That  section  enacts  :  '  the 
"  '  term  "  predecessor "  shall  denote  the  settlor,  disponer, 
' '  ■  testator,  obligor,  ancestor,  or  other  person  from  whom  the 
"  '  interest  of  the  successor  is  or  shall  be  derived.'  I  apprehend 
k'  that  where  the  subject  matter  to  which  the  successor  becomes 
"  entitled  is  of  a  permanent  and  pre-existing  kind  such  as  land 
"  or  funds,  the  words  '  from  whom  the  interest  of  the  successor 
"  '  is  or  shall  be  derived  '  point  to  the  person  whose  property  it 
i:  was  before  the  settlement  was  made  under  which  the  interest 
"  of  the  successor  arises,  and  who  brought  it  into  settlement. 
"  In  the  present  case,  the  subject  matter  with  which  we  are 
"  dealing  is  a  policy  of  life  assurance,  which  only  comes  into 
"  existence  when  it  is  taken  out,  and  the  value  of  which  is 
"  reckoned  on  a  calculation  of  the  time  that  will  elapse  and  the 
"  premiums  that  will  be  paid  before  the  death  happens,  and  is 
"  always  fixed,  subject  to  any  profit  that  may  be  declared  upon 
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"  the  policy.  In  spite,  however,  of  the  fact  that  a  policy  of 
"  insurance  is  a  subject-matter  of  a  peculiar  nature,  if  it  can  be 
"  found  that  it  belonged  to  some  person  before  the  settlement, 
"  and  that  he  settled  it,  I  take  it  that  without  doubt  the  person 
"  would  be  the  1  predecessor  '  contemplated  by  the  section. 

"  It  has  been  argued  on  behalf  of  the  Crown  that  Sir  M.  J. 
"*  Cholmeley  was  the  person  whose  property  this  policy  was 
■"  before  the  settlement,  and  who  in  effect  settled  it,  inasmuch 
"  as  he  paid  the  first  premium  upon  the  policy  before  the 
"  settlement  was  made,  and  all  the  subsequent  premiums. 

"  On  the  other  hand  it  has  been  argued  on  behalf  of  the 
defendant,  that  Mr.  J.  Hart  Davies,  the  husband,  was  the 
person  to  whom  the  policy  belonged  and  who  brought  it  into 
"  settlement,  inasmuch  as  he  personally  made  the  contract  with 
the  insurance  company,  and  the  policy  was  effected  in  his 
"  name,  and  formally  assigned  by  him  to  the  trustees  of  the 
;  settlement. 

"  I  think  that  it  is  quite  clear  that  in  cases  of  this  kind  one 
"  ought  to  look  at  the  substance  and  not  merely  at  the  form  of 
"  the  transaction.  One  has  to  find  out  the  person  from  whom 
" '  the  property  really  comes  into  the  settlement  ;  and  the 
"  machinery  by  which,  or  the  name  under  which,  it  is  passed 
into,  or  through  the  course  of,  the  settlement  makes  no 
"  difference. 

"  The  contention  on  behalf  of  the  Crown — namely,  that  the 
policy,  was  the  property  of  Sir  M.  J.  Cholmeley,  because  he 
paid  the  first  premium — appears  to  me  to  be  attended  by 
"  several  difficulties.    One  of  these  is  that  it  implies  that 
*"  Sir  M.  J.  Cholmeley  must  have  enjoyed,  at  least  for  the  first 
**  period  of  its  existence,  an  insurance  upon  a  fife  in  which  he 
'had  no  insurable  interest.    Another  is  that  this  policy  was 
created  not  only  by  the  money  of  Sir  M.  J.  Cholmeley,  which 
"  paid  the  premiums,  but  also  by  the  acts  of  the  husband  in 
' "  making  the  application  for  the  policy  and  attending  to  be 
"  examined  in  respect  of  it.    Xor  do  I  think  that  the  contention 
on  behalf  of  the  defendant,  that  the  policy  was  the  property 
"*  of  the  husband  before  the  settlement,  is  free  from  objection. 
' "  If  it  was  his  property,  then,  supposing  that  he  had  died  before 
the  execution  of  the  settlement,  his  executors  would  have 
"  taken  the  policy  moneys  simply  as  being  property  which  he 
' '  himself  had  provided  without  having  derived  it  from  anv 
*'  predecessor.    I  suppose,  indeed,  that  the  defendant  would 
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"  have  to  go  even  further  and  maintain  that  immediately  after 
"  Sir  M.  J.  Cholmeley  had  paid  the  first  premium  on  the  taking 
"  out  of  the  policy,  the  husband  would  have  been  entitled  to  go 
"  to  the  office  of  the  insurance  company,  and,  with  or  without 
"  consideration,  to  surrender  the  policy,  or  to  assign  it  to  another 
"  person.  He  could  only  be  entitled  to  do  that  on  the  theory 
"  that  he  had  received  a  gift  of  the  first  premium  from  Sir  M.  J. 
"  Cholmeley.  It  does  not  appear,  however,  that  he  did  receive 
"  the  first  premium,  or  that,  if  he  had  immediately  surrendered 
"  or  assigned  the  policy,  Sir  M.  J.  Cholmeley  could  not  have 
''  recovered  back  the  amount  of  the  first  premium,  not  perhaps 
"  as  money  paid  on  a  consideration  which  had  failed,  because  the 
"  consideration  had  not  failed,  but  at  all  events  as  money  lent. 

"  The  true  position  appears  to  me  to  be  this  :  Mr.  Hart 
"  Davies  applied  for  the  policy  and  was  examined  with  reference 
"  to  it,  but  he  only  did  so  upon  the  footing  that  Sir  M.  J. 
"  Cholmeley  was  going  to  pay  the  premium  ;  and  Sir  M.  J. 
"  Cholmeley  paid  the  premium,  but  he  only  did  so  upon  the 
"  footing  that  Mr.  Hart  Davies  had  taken  the  policy  out  in  his 
"  own  name  and  was  going  to  settle  it  for  the  benefit  of  his  wife 
"  and  the  children  of  the  marriage.  It  therefore  seems  to  me 
4 '  that  this  policy  never  had  a  moment's  existence  as  the  free 
"property  of  either  of  these  gentlemen.  Moreover  the  object 
k'  for  which  the  policy  was  brought  into  existence  by  the 
"  co-operation  of  these  two  persons  was  that  it  might  be  included 
"  in  the  marriage  settlement,  and  whoever  could  legally  deal 
"  with  it  as  a  matter  of  form,  it  was  subject  to  a  trust  to  go  into 
"  that  settlement.  If,  after  the  policy  had  been  effected,  the 
"  settlement  had  been  made,  but  the  marriage  had  not  taken 
' '  place  owing  to  the  previous  death  of  either  party,  or  from  some 
"  other  cause,  the  policy  would  no  doubt  have  passed  to  the 
1 "  intended  husband  or  his  executors,  but  it  would  have  so  passed 
' '  under  the  trusts  of  the  settlement,  and  not  by  virtue  of  its 
"  being  his  independent  property.  If  the  settlement  had  never 
"  been  made  by  reason,  for  example,  of  the  previous  death  of 
ik  the  intended  husband,  the  policy  moneys  would  have  gone  to 
u  his  executors,  but  that  result  would  have  followed  because  it 
"  would  have  been  necessary  to  deal  with  these  moneys  as  if 
"  the  settlement  had  been  made,  and  not  because  the  policy 
had  belonged  absolutely  to  the  intended  husband.  And  if  the 
"  settlement  had  never  been  made,  not  because  of  the  death  of 
"  the  intended  husband,  but  because  the  marriage  went  off,  it 


1921.]  Legal  Notes.  199 

"  mav  be  that  in  that  case,  as  in  the  last-mentioned  case,  the 
"  husband  would  have  got  the  policy,  or  it  may  be  that  Sir  M.  J. 
"  Cholmeley  would  have  had  the  right  to  claim  it.  In  no  case. 
et  however,  do  I  think  that  the  policy  after  it  was  taken  out  and 
"  before  the  settlement  was  executed,  would  have  been  the  free 
property  of  either  party,  because  the  difficulty  of  accepting 
"  either  view  appears  to  me  to  be  insurmountable.  I  therefore 
"  think  that  I  ought  to  regard  the  policy  in  question  as  having 
'*  been  created  for  the  purpose  of  the  marriage  settlement 
"  eodem  instant i  with  the  settlement,  and  as  a  thing  which  had 
*"  no  existence  antecedent  to  the  settlement.  That  is  what  it 
"  is  in  substance,  and  it  is  to  its  substantial  nature  that  I  ought 
"  to  look. 

"  In  these  circumstances  I  have  to  find  out  who  is  the 
"  *  predecessor  ?  from  whom  the  policy  has  been  derived  by  the 
"  persons  entitled  to  it  under  the  settlement.  I  have  come  to 
ft  the  conclusion  that  I  ought  to  hold  that  the  policy  has  been 

derived  from  Sir  M.  J.  Cholmeley.  The  essential  fact  is  that 
"  the  value  of  the  policy  is  due  to  the  money  which  he  put  into 
"  it,  the  amount  having  been  based  beforehand  upon  the  prospect 
"  of  life  of  the  person  insured.  The  policy  moneys  correspond 
"  to  the  premiums  paid  by  him  during  the  time  of  the  insured's 
"  life.    In  short,  if  I  may  so  express  it,  the  whole  financial 

source  of  the  policy  and  of  the  policy  moneys  was  in  this  case 
"  Sir  M.  J.  Cholmeley." 


Is  the  holder  of  a  'policy  payable  at  the  end  of  a  term 
*a4dy  of  years,  who  has  mortgaged  certain  property  to  the 

i92o  2  ch.  554  insurance  company,  charging  the  policy  by  way  of 
collateral  security,  the  insurance  company  having 
subsequently  sub-mortgaged  the  property  to  a  third 
party  and  afterwards  gone  into  liquidation,  entitled  to 
set  off  the  value  of  the  policy  against  the  amount  due  to 
the  sub-mortgagee  in  the  event  of  his  desire  to  redeem  ? 

"  No",  said  Russell,  J.,  in  a  case,  the  circumstances  of  which 
were  as  follows  :  Paddy  owned  certain  freehold  property  and  in 
1906  took  out  a  policy  of  assurance  with  a  company  for  £400  to 
be  paid  at  the  end  of  28  years.  In  1907  he  conveyed  the  property 
by  way  of  mortgage  to  the  company  to  secure  £320  and  interest 
and  charged  the  policy  by  way  of  collateral  secruity.    In  1907 
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by  an  indenture  of  sub-mortgage  supplemental  to  the  mortgage 
the  company  assigned  to  Clutton  a  sum  of  £320  then  due  under 
the  mortgage  and  interest  to  become  due,  with  proviso  for 
redemption.  In  1909  the  business  and  assets  of  the  company 
were  taken  over  by  the  National  Standard  Life  Assurance 
Corporation.  On  25  May  1916  Clutton  died.  On  6  June  1916 
an  order  was  made  for  winding  up  the  corporation  and  its  assets 
were  insufficient  for  payment  of  its  debts  in  full.  On  29  June 
1916,  Clutton's  executors  gave  Paddy  notice  of  the  sub-mortgage 
and  the  latter  thereafter  paid  the  interest  to  the  executors.  On 
17  January  1920,  Paddy  who  desired  to  redeem  the  property 
tendered  to  the  executors  £200,  being  £325  due  on  the  mortgage  for 
principal  and  interest  less  £125  at  which  sum  the  policy  had  been 
valued  in  the  winding-up  under  the  Assurance  Companies  Act,  1909. 
The  tender  was  refused  and  Paddy  obtained  leave  to  commence 
an  action  for  a  declaration  that  he  was  entitled  to  set  off  a  sum 
of  £125  against  the  amount  due  under  the  mortgage  and  for 
redemption.  In  giving  judgment  Kussell,  J.,  said  that  "  at  the 
"  date  of  the  winding  up  the  policy  had  not  matured  or  become  a 
"  claim,  and,  the  value  of  the  policy  or  the  liability  under  it 
"  having  since  been  ascertained  and  not  disputed,  the  plaintiff 
"  was  bound  by  the  valuation  and  had  become  a  creditor  of  the 
"  corporation  for  £125  4s.  The  plaintiff's  claim  arises  by  virtue 
"  of  the  provisions  of  the  Bankruptcy  Act,  1914,  which  by 
t;  s.  207  of  the  Companies  (Consolidation)  Act,  1908,  are  made 
"  applicable  to  the  winding  up  of  an  insolvent  company.'''  (His 
Lordship  read  s.  30,  sub-ss.  1  and  3).  "  So  in  this  case  the 
"  liability  of  the  corporation,  being  a  liability  future  or 
"  contingent,  is  to  be  deemed  to  be  a  debt  provable  in  the  winding 
"  up."  (His  Lordship  read  sub-ss.  4  and  8  (6)  (c).  "  By  having 
"  resort  to  those  provisions  the  £125.  4s.,  the  value  of  the 
"  corporation's  liability,  is  arrived  at  and  admitted.  Then  s.  31 
';  provides  for  cases  of  mutual  credit  and  set-off,  so  as  to  prevent, 
"  where  something  is  due  on  either  side,  one  party  from  receiving 
"  his  amount  in  full  without  giving  credit  to  the  other."  (His 
Lordship  read  s.  31  to  '  respectively  ').  "  It  is  under  that 
"  section  that  the  plaintiff  claims.  He  says  that  under  that  he 
"  is  entitled  to  set  off  his  claim  against  the  corporation's  claim 
"  against  him.  It  was  contended  also,  on  his  behalf,  that, 
"  apart  from  bankruptcy,  he  had  a  common  law  right  to  do  this. 
"  As  to  that  I  do  not  agree  with  him.  In  my  opinion,  his  right 
"  (if  any)  of  set-off  arises  only  under  the  administration  in 
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"';  bankruptcy.  It  is  well  settled  that  at  common  law  set-off 
"'  can  only  be  made  available  as  a  plea  in  bar.  Supposing  the 
"  plaintiff  had  been  sued  for  his  mortgage  debt,  he  could  not 
"  have  set  off  the  £125.  -is.,  he  would  have  had  only  the  right 
*'  to  counter-claim  for  it,  and  could  get  nothing  in  respect  of  it 
";  till  it  should  be  ascertained  in  the  action  what  the  respective 
"  rights  were.    Till  then  he  would  have  no  right  of  set-off. 

"  Whether  the  plaintiff  has  any  right  of  set-off  in  the 
"  winding-up  against  the  defendant  corporation  would  be  a 
"  difficult  question  to  answer,  having  regard  to  the  state  of 
"  the  authorities,  in  the  absence  of  any  decision  expressly 

covering  the  case  I  will  refer  first  to  Lee  & 

Chapman's  Case  So  far,  Lee  d'  Chapman's  Case 

'*'  shows  that  in  order  to  be  able  to  set  off  it  is  not  necessary 
"  that  the  claim  should  be  a  legal  debt,  but  it  is  sufficient  if  the 
"  claim  which  it  is  sought  to  set  off  is  a  right  which  could  be 

£:  proved  in  the  winding-up  Ex  parte  Price  is  just 

<;  like  the  present  case.  It  dealt  with  a  policy  which  was  current 
"  at  the  crucial  date.  It  was  like  the  present  case  also  in  this. 
"  that  the  person  claiming  to  set  off  was  claiming  in  respect  of 
"  a  mortgage  transaction.  It  was  a  case  before  James  and 
"  Mellish.  L.J  J.  It  has  never,  so  far  as  I  know,  been  questioned 
'"  in  any  reported  case.  It  has  been  cited  without  adverse 
'"  comment  by  many  text-writers,  though  one  or  two  suggest 

"  that  it  might  not  be  followed   In  Ex  parte  Price 

"  Dr.  Edwin  Lankester  was  the  holder  of  four  policies  of  assurance 
"  on  his  own  life  in  the  English  Widows'  Fund,  which  was 
"  amalgamated  with  the  European  Life  Assurance  Society,  for 
"  sums  amounting  altogether  to  £1,049.  In  November  1865, 
"  he  borrowed  £1-10  from  the  European  Society,  after  the 
"  amalgamation,  on  the  security  of  the  policies.  He  thus 
"  became  debtor  to  the  assurance  society,  which  held  as  security 
i:  the  policies  on  his  life.  On  12  January  1872  the  two  companies 
"  were  ordered  to  be  wound  up,  and  their  affairs  were  afterwards 
referred  to  arbitration  under  a  private  Act.  and  official 
"  liquidators  were  appointed  by  the  arbitrator.  By  clause  6  of 
'"'  the  private  Act  the  arbitrator  had  power  to  value  and  estimate 
"  any  liabilities  or  claims,  whether  present,  future,  liquidated, 
"  contingent,  or  otherwise,  and  '  Hability  '  as  defined  by  clause  2 

**  of  the  Act  included  '  policy  and  any  liability,  present, 

"  'future,  liquidated,  contingent,  or  other,  on  or  in  respect  of 
":a  policy.'*    Under  that  Dr.  Lankester Js  policies  were  valued 
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"  at  £446.  8s.  and  dividends  amounting  to  £66.  19s.  had  been 
"  declared  on  this  sum,  being  at  the  rate  of  3s.  in  the  pound. 
"  So  Dr.  Lankester  would  receive  only  £66.  19s.  On  28  March 
"  1872,  Dr.  Lankester  filed  a  petition  for  liquidation,  and  on 
"  1  May  his  creditors  agreed  to  accept  a  composition,  and  a 
"trustee  was  appointed.  Dr.  Lankester  died  in  1874,  and  his 
"  estate  was  insolvent  and  expected  to  pay  10s.  in  the  pound. 
"  The  official  liquidators  sought  to  prove  against  his  estate 
"  under  the  composition  for  £140  and  interest,  but  the  trustee 
"  claimed  a  right  to  set  off  against  the  demand  the  sum  of 
"  £446.  8s.  at  which  the  policies  had  been  valued,  and  to  prove 
"  for  the  balance  against  the  estate  of  the  European  Society 
"  under  the  arbitration.    The  Registrar  allowed  the  set-off  and 

"  the  official  liquidators  appealed  from  that  decision  

"  The  Court  of  Appeal  held  there  could  be  no  set-off  allowed. 
"  James,  L.J.,  said  :  '  I  am  of  opinion  in  this  case  that  the 
4'  '  official  liquidators  under  winding  up  are  clearly  entitled  to 
"  '  prove  for  the  debt  simpliciter  against  the  estate  of 
"  '  Dr.  Lankester.  There  is  no  right  of  set-off  under  the 
"  '  Companies  Act ' — that  was  true  at  that  time — '  except  that 
"  e  of  the  common  law  right  of  set-off,  which  would  be  allowed 
* '  '  in  an  ordinary  action  at  law.  That  being  so,  according  to 
"  '  my  view  there  is  no  set-off  against  the  claim  of  Dr.  Lankester's 
"  '  trustee  under  the  winding  up  in  favour  of  the  liquidators. 
"  '  Nor,  on  the  other  hand,  is  the  trustee  entitled  to  a  set-off  in 
"  '  bankruptcy  against  the  claim  of  the  liquidators.'  He  is  not 
"  saying  there  is  no  set-off  at  all  but  he  is  contrasting  the  two 
"  cases.  '  The  mutual  credit  clause  in  the  Bankruptcy  Act,  1869, 
"  i  enlarged  by  these  words,  "  Mutual  dealings,"  still  requires 
"  '  that  there  must  be  something  of  an  account  to  be  taken  of 
"  '  what  is  due  upon  the  one  side  and  what  is  due  upon  the 
"  '  other  ' — i.e.,  there  must  be  something  of  a  nature  on  which 
"  an  account  can  be  taken.  '  In  that  sense  there  never  was 
"  '  anything  due  from  the  insurance  company  in  which  an 
"  '  account  could  be  taken.  It  is  impossible  to  say  what  was 
"  '  due  upon  the  policy  when  the  winding  up  commenced,  any 
"  '  more  than  that  on  a  subsequent  occasion  some  valuation  had 
"  '  been  put  upon  the  policy,  and  that  a  dividend  had  been 
"  '  ordered  to  be  paid  upon  it  under  the  winding  up.'  That  is 
"  exactly  applicable  to  the  present  case.  '  But  that  cannot 
"  '  make  it  a  thing  which  was  due  by  reason  of  mutual  dealings 
"  '  and  transactions  between  the  parties,  and  you  can  by  no 
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':  "  possible  construction  of  the  clause  bring  this  in  as  a  debt 
" :  ;  due  on  the  one  side  to  be  set  off  against  a  debt  due  on  the 
"  '  other.  It  is  simply  that  each  party  will  prove  for  what  he 
"  "'can/  The  judgment  of  Mellish,  L.J.,  is  to  the  same  effect. 
"  He  says  :  '  I  am  of  the  same  opinion.  It  is  quite  clear  that  if 
"  ;  it  had  been  a  solvent  company  that  had  lent  money  to  the 
*:  bankrupt,  and  the  company  had  never  stopped  or  been  wound 
"  "'up,  and  the  company  had  come  to  prove  for  the  debt  due,- 
' '  the  trustee  never  could  have  claimed  a  set-off.  There  would 
*'  '  have  been  no  cause  of  action  and  no  proof  at  all.  It  does 
"  ;  not,  in  my  opinion,  make  any  difference  that  the  company 

"'  '  is  being  woimd  up.'  

"  That  case  was  a  decision  of  the  Court  of  Appeal.  It  is  a 
"  case  which  has  caused  difficulty  in  more  ways  than  one,  and  it 
"  may  not  be  possible  to  justify,  in  view  of  later  decisions,  all 
"  that  is  there  said.  But  it  is  a  decision  which  is  exactly  in 
"  point.  There  it  was  decided  that,  when  a  policy  holder  in  a 
"  life  assurance  company  had  borrowed  money  from  the  company 
"  on  his  policy,  and  before  the  death  of  the  assured  the  company 

was  wound  up  and  an  estimated  value  put  upon  the  policy, 
;"'  and  afterwards  the  policyholder  filed  a  petition  for  liquidation. 
"'  the  trustee  in  his  bankruptcy  was  not  entitled  to  set  off  the 
;i  value  as  ascertained  of  the  policy  against  the  amount  advanced 
"  by  the  company.    Much  as  I  should  like  to  be  bold  enough 

not  to  follow  Ex  parte  Price,  I  feel  bound  to  follow  it.  It  has 
"  never  been  adversely  commented  on  judicially.    I  must  hold 

that  the  plaintiff  has  not  any  right  of  set-off  as  against  the 
* '  defendant  corporation,  and  the  same  result  follows  as  against 
";  the  defendant  corporation's  assignee,  the  sub-mortgagee."' 


vreie  Is  there  a  distinction  between  the  presumption  of  life 

widow" Fund,    in  cases  of  contract  and  cases  of  succession  ? 

&c,  of  Edinburgh.  ;  ' 

1921)  W.C.  and 
Ins.  Pvsp.  46. 

"  No,"  said  the  Court  of  Session  in  this  case  which  it  will  be 
recalled  from  the  earlier  report  in  this  Journal  which  will  be 
found  in  vol.  lii,  p.  91,  was  for  a  declaration  that  one  David 
Greig,  Junior,  must  be  presumed  to  have  died  prior  to  31  December 
1900.  In  dismissing  the  action  and  refusing  to  allow  a  proof, 
the  Lord  Ordinary  (Blackburn)  said  :  "  The  presumption  at 
"  common  law  is  that  a  person  who  has  disappeared  is  presumed 
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<;  to  continue  in  life  until  he  would  have  reached  the  ordinary 
"  limit  of  human  age,  unless  sufficient  evidence  is  adduced  to 
"  raise  a  presumption  that  he  has  died  within  that  period." 
From  this  the  pursuer  reclaimed  and  argued  (see  1919  W.C. 
and  Ins.  Rep.  331)  that  in  the  circumstances  the  pursuer  was 
entitled  to  a  proof.  The  Court  of  Session  allowed  the  proof. 
To  the  brief  outline  of  the  facts  given  in  the  earlier  report  in 
this  Journal  it  is  only  necessary  to  add  that  evidence  was  adduced 
of  intemperance  on  the  part  of  Greig. 

After  completion  of  the  proof  Lord  Blackburn  assoilzied 
the  defenders.  "  It  is  apparently  the  first  time,"  he  said,  "  that 
"  an  endeavour  has  been  made  to  elide  the  presumption  of  life 
"  for  the  purpose  of  enforcing  against  a  third  party  a  contract 

"  conditional  upon  the  missing  man's  life   In  all  cases 

"  dealing  with  succession  the  ultimate  loss,  if  any, 

"  in  the  event  of  the  reappearance  of  the  missing  man  falls 
"  upon  the  man  himself  who  is  the  person  primarily  responsible 
"  for  the  position  which  has  been  created.  In  a  case  arising 
"  upon  a  contract  with  a  third  party  the  loss,  if  any,  falls 
"  elsewhere." 

The  pursuer  reclaimed  and  argued  that  the  defenders  erred 
in  maintaining  the  presumption  of  life  was  up  to  100  years  and 
that  the  distinction  drawn  by  the  Lord  Ordinary  between  cases 
of  succession  and  cases  of  contract  was  unsound.  The  Court 
of  Session,  by  a  majority,  drew  from  the  evidence  the  inference 
that  Greig  presumably  died  not  later  than  31  December  1910. 

The  Lord  Justice  Clerk  said  :  "  Treating  the  matter  as  a 
"  3ury  question,  which  it  is,  I  think  the  most  reasonable 
"  presumption  is  that  Greig,  who  was  43  in  1900,  and  has  not 
"  been  heard  of  since  about  that  date  has  been  long  since  dead, 
"  and  that  the  reasonable  result  from  all  the  evidence  is  that  he 

"  did  not  survive  1910  I  do  not  regard  the  distinction 

"  the  Lord  Ordinary  takes  as  to  the  presumption  of  life  or  death 
"  between  cases  of  contract  and  cases  of  succession  as  sound. 
"  In  either  case  the  question  is  one  of  fact,  and  the  fact  is  the 
"  same  in  both  classes." 

Lord  Salvesen  in  the  course  of  his  judgment  referred  to 
"  the  old  rule  of  the  law  of  Scotland  which  was  that  presumption 
<k  of  life  of  a  missing  person  was  so  strong  that  unless  he  had 
"  attained  a  very  ripe  age,  variously  put  at  80  or  100  years  as 
''at  the  date  when  declarator  was  sought  that  he  must  be 
"  presumed  to  have  died,  he  would  still  be  presumed  to  be  alive 
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i:  apart  from  circumstances  from  which  it  could  be  inferred 
"  without  any  reasonable  doubt  that  he  had  in  fact  ceased  to 
**  live.    That  rule  was  established  when  the  -facilities  of  travel 

and  postage,  not  to  mention  advertisement,  were  in  a  backward 

"  state  compared  with  the  times  in  which  we  now  live  

i;  The  altered  circumstances  of  life  to  which  I  have  referred  have 
"  a  very  direct  bearing  on  the  question  which  has  to  be 

answered/" 

A  claim  for  interest  on  the  arrears  found  due  to  the  pursuer 
was  not  allowed. 


Is  a  Trustee  chargeable  with  Income  Tax  on  the 
v001  around  of  his  being  domiciled  and  resident  in  this 

Royal  Exchange  '  . 

ailifiAc  65    country  when  he  is  Trustee  of  funds  invested  abroad. 

the  dividends  on  which  are  jmid  direct  to  the  beneficiary 
in  a  foreign  country  ? 

"  No/'"  said  the  House  of  Lords,  and  in  giving  judgment 
Viscount  Cave  said  :  "  In  this  case  the  respondent  company 
"  which  has  its  principal  place  of  business  in  the  City  of  London,. 
"  is  the  trustee  of  the  will  of  Mr.  J.  P.  Mellor  (deceased) ;  and 
;"  the  beneficial  tenant  for  life  under  the  will  is  Mrs.  H.  P.  Munthe, 
"  a  Swedish  subject  domiciled  abroad.  The  will  comprises 
"  foreign  investments ;  and  the  whole  income  from  such 
"  investments  is  paid  directly  to  Mrs.  Munthe  abroad,  no  part 
"  of  such  income  being  remitted  to  this  country.  The  District 
;;  Commissioners  of  Taxes  for  the  City  of  London  made 
"  assessments  upon  the  respondent  company  in  respect  of  foreign 
"  possessions  of  £2.015  for  the  year  ended  5  April  1915,  and 
"  £2.018  for  the  year  ended  5  April  1916.  these  sums  representing 
"  the  income  of  the  foreign  investments  above  referred  to. 
**  But  these  assessments  differed  from  those  which  are  in  question 

in  Williams  v.  Singer  in  one  respect — namely,  that  instead  of 
"  being  made  (as  in  that  case)  upon  the  trustees  by  name  without 
"  reference  to  any  trust,  they  were  made  upon  the  respondent 
*'  company  6  as  trustees  under  the  will  of  J.  P.  Mellor  deceased 

:  for  beneficiary  Mrs.  H.  P.  Munthe.'  The  respondent  company 
':  appealed  to  the  Special  Commissioners,  who  discharged  the 
';  assessments  ;  and  this  decision  also  has  been  affirmed  by 
';  Sankey,  J.,  and  the  Court  of  Appeal,  and  is  the  subject  of 
':  Appeal  to  this  House.  It  was  decided  in  Colquhoun  v.  Brooks 
"  that  the  tax  imposed  by  the  Income  Tax  Acts,  1842  and 
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"  1853  (Sell.  I).    Cases  4  and  5),  upon  the  income  from  foreign 
securities  and  possessions  was  leviable  upon  so  much  only  of 
<;  that  income  as  was  remitted  to  the  United  Kingdom.  But 
"  that  limitation  was  to  some  extent  abrogated  by  s.  5  of  the 
"  Finance  Act,  1914,  which  (so  far  as  material  in  this  appeal) 
"  is  as  follows  :  '  Income  tax  in  respect  of  income  arising  from 
'  securities,  stocks,  shares,  or  rents  in  any  place  out  of  the 
"  '  United  Kingdom  shall,  notwithstanding  anything  in  the 
"  ;  rules  under  the  fourth  and  fifth  case  in  section  100  of  the 
"  '  Income  Tax  Act,  1842,  be  computed  on  the  full  amount  of 
the  income,  whether  the  income  has  been  or  will  be  received 

"  '  in  the  United  Kingdom  or  not  and  the  provisions 

"  '  of  the  Income  Tax  Acts  (including  those  relating  to  returns) 

shall  apply  accordingly  Provided  that  this  section 

shall  not  apply  in  the  case  of  a  person  who  satisfies  the 
Commissioners  of  Inland  Revenue  that  he  is  not  domiciled 
"  *in  the  United  Kingdom  or  that,  being  a  British  subject,  he 
'  is  not  ordinarily  resident  in  the  United  Kingdom.'  " 
"It  is  obvious  that,  having  regard  to  the  proviso  to  the 
"  above  section  Mrs.  Munthe.  who  is  domiciled  abroad,  could 
"  not  have  been  assessed  to  income  tax  in  respect  of  the  foreign 
"  income  above  referred  to.  But  the  Revenue  Authorities 
"  contend  that  they  are  entitled  to  levy  tax  upon  that  income 
"  by  means  of  assessments  upon  the  trustees,  who  are  domiciled 
"  in  this  country.  If  this  contention  is  upheld,  the  trustees 
"  will  of  course  be  entitled  to  retain  the  tax  so  paid  out  of  the 
"  trust  income  payable  to  the  beneficial  life  tenants,  who  will 
"  thus  have  to  bear  the  burden  of  the  tax  from  which  the  proviso 
"  appears  to  relieve  them  ;  but  the  appellants  contend  that  this 
"  is  the  effect  of  the  statutes.  The  question  to  be  determined 
"  is  whether  they  have  that  effect. 

"  In  support  of  the  above  contention  counsel  for  the 
"  appellants  relied  principally  upon  the  language  of  Sch.  D.  to 
"  the  Income  Tax  Act,  1853,  which  provides  that  the  duties 
"  thereby  imposed  are  to  be  deemed  to  be  granted  and  made 
"  payable  £  for  and  in  respect  of  the  annual  profits  or  gains 
"  '  arising  or  accruing  to  any  person  residing  in  the  United 
"  '  Kingdom  from  any  kind  of  property  whatever,  whether 
"  £  situate  in  the  United  Kingdom  or  elsewhere,'  and  upon  the 
"  first  general  rule  in  s.  100  of  the  Income  Tax  Act,  1842,  which 
"  provides  that  the  duties  upon  profits  imposed  by  Sch.  D  are 
"  to  be  charged  on  and  paid  by  the  persons  '  receiving  or 
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"  '  entitled  unto  '  such  profits  ;  and  they  contended  that  as  the 
i;  income  in  question  in  the  cases  under  appeal  '  accrued  '  to  the 
' '  Trustees  as  the  legal  holders  of  the  investments,  and  the  trustees 
"  are  the  persons  legally  '  entitled  '  to  receive  it.  they  are  the 

persons  chargeable  under  the  Act.  Indeed.  I  understood 
' "  Mr.  Cimliffe  to  go  so  far  as  to  say  that,  when  funds  are  vested 
';  in  trustees,  the  revenue  authorities  are  entitled  to  look  to 
"  those  trustees  for  the  tax,  and  are  neither  bound  nor  entitled 
"  to  look  beyond  the  legal  ownership. 

■"  I  think  it  clear  that  such  a  proposition  cannot  be 
"  maintained.  It  is  contrary  to  the  express  words  of  s.  42  of 
"  the  Income  Tax  Act,  1842,  which  provides  that  no  trustee  who 
"  shall  have  authorized  the  receipt  of  the  profits  arising  from 

trust  property  by  the  person  entitled  thereto,  and  who  shall 
"  have  made  a  return  of  the  name  and  residence  of  such  person 
' "  in  manner  required  by  the  Act,  shall  be  required  to  do  any  other 

"  act  for  the  purpose  of  assessing  such  person  

"  The  fact  is  that  if  the  Income  Tax  Acts  are  examined,  it 
'*  will  be  found  that  the  person  charged  with  the  tax  is  neither 
"  the  trustee  nor  the  beneficiary  as  such,  but  the  person  in 
"  actual  receipt  and  control  of  the  income  which  it  is  sought  to 
"  reach.  The  object  of  the  Acts  is  to  secure  for  the  State  a 
"  proportion  of  the  profits  chargeable  and  this  end  is  attained 

(speaking  generally)  by  the  simple  and  effective  expedient  of 
**  taxing  the  profits  where  they  are  found.  If  the  beneficiary 
"  receives  them  he  is  liable  to  be  assessed  upon  them.  If  the 
''  trustee  receives  and  controls  them,  he  is  primarily  so  liable. 
";  If  they  are  under  the  control  of  a  guardian  or  committee  for 
"  a  person  not  sui  juris  or  of  an  agent  or  receiver  for  persons 
"  resident  abroad  they  are  taxed  in  his  hands.  But  in  cases 
"  where  a  trustee  or  agent  is  made  chargeable  with  the  tax  the 
"  statutes  recognize  the  fact  that  he  is  a  trustee  or  agent  for 
"  others  and  he  is  taxed  on  behalf  of  and  as  representing  his 
"  beneficiaries  or  principals.  This  is  made  clear  by  the  language 
"  of  many  sections  of  the  Act  of  1842.  For  instance,  s.  41 
"  provides  that  a  person  not  resident  in  Great  Britain  shall  be 
"  chargeable  '  in  the  name  of  '  his  trustee  or  agent.  Sect.  44 
"  refers  to  the  trustee  or  agent  of  any  person  as  being  assessed 
"  *  in  respect  of  '  such  person,  and  gives  him  a  right  to  retain 
"  the  tax  out  of  any  money  of  such  person  coming  to  his  hands. 
"  Sect.  51,  under  which  trustees  and  others  are  bound  to  make 
"  returns,  refers  to  the  event  of  the  beneficiary  being  charged 
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"  either  '  in  the  name  of  '  the  trustee  or  other  person  making  the 
"  return,  or  in  his  own  name.  Sect.  53  refers  to  the  trustee  or 
"  agent  as  being  charged  '  on  account '  of  the  beneficiary  ;  and 
"  similar  expressions  are  found  in  other  sections.  In  short,  the 
"  intention  of  the  Acts  appears  to  be  that  where  a  beneficiary  is 
"  in  possession  and  control  of  the  trust  income  and  is  sui  juris. 
"  he  is  the  person  to  be  taxed  ;  and  that  while  a  trustee  may  in 
"  certain  cases  be  charged  with  the  tax,  he  is  in  all  such  cases 
"  to  be  treated  as  charged  on  behalf  or  in  respect  of  his 
"  beneficiaries,  who  will  accordingly  be  entitled  to  any  exemption 
"  or  abatement  which  the  Acts  allow. 

"  Applying  the  above  conclusions  to  the  present  case,  it 
"  follows  in  my  opinion,  first,  that  the  respondent  trustees,  who 
"  have  directed  the  trust  income  to  be  paid  to  the  beneficial 
"  tenants  for  life  and  themselves  receive  no  part  of  it,  are  not 
"  assessable  to  tax  in  respect  of  such  income  ;  and  secondly, 
"  that  even  if  they  were  so  assessable,  they  would  be  assessable 
"  as  trustees  on  behalf  of  the  life  tenants,  who  would  accordingly 
"  be  entitled  to  the  benefit  of  the  exemption  contained  in  the 
"  proviso  in  s.  5  of  the  Finance  Act,  1914.  The  assessments  in 
"  question  in  Pool  v.  Royal  Exchange  Assurance  Company, 
"  which  were  made  upon  the  respondents  as  trustees  for  the 
"  beneficiary  Mrs.  Munthe,  and  were  probably  so  made  with 
"  reference  to  ss.  41  and  108  of  the  Act  of  1842,  support  this 
"  view  of  the  Acts  

"  The  above  conclusion  is  supported  by  the  consideration 
"  that  under  the  express  words  of  s.  5  of  the  Finance  Act,  1914, 
"  a  person  thereby  charged  with  tax  is  authorized  to  deduct 
"  from  the  taxable  income  '  any  annuity  or  other  annual  payment 
"  '  payable  out  of  the  income  to  a  person  not  resident  in  the 
"  '  United  Kingdom.'  It  is  difficult  to  believe  that  it  was  the 
"  intention  of  the  Legislature,  while  exempting  from  the  tax  any 
"  definite  part  of  the  income  which  is  payable  to  a  person  abroad, 
"  to  impose  the  tax  upon  the  whole  income  when  so  payable." 

Has  the  omission  of  the  words  "  at  law  or  in  equity  " 
steei wing co.,  from  the  Companies  (Consolidation)  Act,  1908,  and 
(mi)  i  ch.  349.    the  Bankruptcy  Act,  1914,  deprived  the  Assignee  of  a 
definite  part  of  a  debt  of  the  right  to  present  a  winding 
up  petition  under  the  Companies  Act  ? 

"  No",  said  P.  0.  Lawrence,  J.     P  held  the  controlling 
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interest  in  a  company  to  which  he  had  made  advances  in  respect 
of  which  the  company  was  largely  indebted  to  him.  P  transferred 
the  whole  of  his  shares  and  assigned  the  whole  of  his  debt  to 
M.  The  assignment  was  effected  by  a  document  which  set  out 
particulars  showing  a  balance  of  £4.632  and  proceeded  "  and  it 
"  is  this  balance  that  P  hereby  transfers  to  M  for  his  own 
"  benefit."  The  assignment  was  brought  to  the  attention  of  the 
company  by  M  and  part  of  the  debt  was  repaid.  At  a  later 
date  M  assigned  to  one  Lord,  "  an  equal  half  part  of  the  sum 
"  of  £4,632,  &c."  Notice  in  writing  of  this  assignment  was 
given  to  the  company  and  at  the  same  time  the  company  was 
required  to  pay  the  one  half  of  £4,632  and  made  default  in 
payment.  Giving  judgment,  P.  0.  Lawrence,  J.,  said  :  "  The 
"  main  question  arising  on  this  petition  is  whether  or  not  the 
"  petitioner,  Frederick  Thomas  Lord,  the  assignee  of  a  definite 
"  part  of  a  debt  owing  by  the  company,  is  a  creditor  of  the 
"  company  entitled  to  present  a  winding  up  petition  within  the 
"  meaning  of  s.  137  of  the  Companies  (Consolidation)  Act,  1908. 

 "  The  next  point  taken  by  the  company  is  that  the 

"  deed  of  30  July  1920  did  not  operate  to  pass  to  the  petitioner 
i(  the  legal  right  to  one  half  of  the  debt  thereby  assigned  on  the 
"  ground  that  an  assignment  of  part  of  a  debt  is  not  within 
"  sub-s.  6  of  s.  25  of  the  Judicature  Act,  1873.  I  am  not  sure 
"  whether  in  the  circumstances  of  this  case  this  point  really 
"  arises.  I  can  find  no  evidence  that  any  notice  in  writing  of 
"  the  assignment  of  October  1917,  from  Pauling  to  Mooney, 
"  was  ever  given  to  the  company.  It  would  appear  therefore 
that  the  legal  right  to  the  debt  never  passed  to  Mooney  and 
"  that  the  latter  was  only  an  equitable  assignee  and  could  not 
"  confer  upon  the  petitioner  a  legal  right  which  he  (Mooney) 
"  did  not  possess.  As,  however,  this  point  was  not  taken  by 
"  the  company,  I  will  deal  shortly  with  the  question,  which  was 
i:  fully  argued,  whether  an  assignment  of  a  definite  part  of  a 
"  debt  is  within  sub-s.  6  of  s.  25  of  the  Judicature  Act,  1873. 

Darling,  J.,  in  Skipper  v.  Holloway  decided  that  such  an 
"  assignment  came  within  sub-s.  6.  Bray,  J.,  in  Forster  v.  Baker 
"  dissented  from  this  decision  and  held  that  it  did  not,  and  in 
"  the  Irish  case  of  Conlan  v.  Carloiv  County  Council,  Gibson  and 
"  Boyd,  J.J.,  concurred  in  the  opinion  of  Bray,  J.  Although 
"  this  point  has  been  mentioned  on  at  least  two  occasions  by 
"  members  of  the  Court  of  Appeal  (see  Durham  Brothers  v. 
"  Robertson  and  Hughes  v.  Pump  House  Hotel  Company),  there 
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is  no  decision  of  the  Court  of  Appeal  upon  it.  Having 
considered  the  arguments  addressed  to  me  in  the  present  case, 
I  concur  in  the  opinions  of  Bray,  J.  and  Gibson,  J.  In  the 
result  I  hold  that  even  if  Mooney  did  acquire  the  legal  right 
to  the  debt,  the  deed  of  30  July  1920  did  not  operate  to  pass 
the  legal  right  to  one  half  of  such  debt  to  the  petitioner, 
and  that  the  petitioner  is  not  a  creditor  of  the  company 
at  law. 

"  The  next  point  taken  by  the  company  is  that  the  petitioner 
is  not  even  a  creditor  of  the  company  in  equity  and  that  he 
stands  in  no  better  position  than  a  garnishor  of  a  debt  due 
from  the  company  and  consequently  cannot  present  a  winding 
up  petition  (see  In  re  Combined  Weighing  and  Advertising 
Machine  Company).  In  my  judgment  an  assignee  of  part  of 
a  debt  stands  in  an  entirely  different  position  from  that  of  a 
garnishor.  A  garnishee  order  does  not  operate  to  transfer 
the  debt  and  does  not  constitute  the  garnishor  a  creditor 
either  at  law  or  in  equity  of  the  garnishee.  The  assignment 
of  part  of  a  debt,  however,  operates  in  equity  to  transfer  the 
part  assigned,  and  consequently  in  my  judgment  constitutes 
the  assignee  a  creditor  in  equity  of  the  company  in  respect 
of  that  part  

"  It  has  been  suggested  that,  by  reason  of  the  omission  from 
s.  130  of  the  Companies  (Consolidation)  Act,  1908,  of  the 
words  '  at  law  or  in  equity  '  which  occurred  in  the  corresponding 
s.  80  of  the  Companies  Act,  1862,  the  word  'creditor'  in 
s.  137  of  the  Act  of  1908  ought  to  be  confined  to  a  creditor  at 

law.    I  hold  that  the  omission  was  not  intended  to 

and  did  not  in  fact,  effect  any  alteration  in  the  law  but  was 
occasioned  solely  because  the  words  '  at  law  or  in  equity  '  had 
become  unnecessary  since  the  passing  of  the  Judicature  Acts. 

:i  I  am  therefore  of  opinion  that  the  word  '  creditor  '  in 
s.  137  of  the  Companies  (Consolidation)  Act,  1908,  includes  a 
creditor  in  equity  as  well  as  a  creditor  at  law,  and 
consequently  that  a  creditor  in  equity  can  still  petition  for  the 
winding  up  of  a  company."' 
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Scottish  TTnion 
and  National 
Insurance  Co. 

New  Zealand 
and  Australian 
Land  Co. 
1=21)  1  A.C.  172. 


^Yhere  a  company  has  paid  both  British  and 
Colon  ial  income  taxes  and  a  repayment  has  been  obtained 
under  section  43  of  the  Finance  Act  of  1916.  are 
prefereiwe  shareholders,  who  are  entitled  to  a  fixed  rate 
of  interest  from  which  the  full  British  rate  of  income  tax 
has  been  deducted,  entitled  to  share  in  such  repayment  ? 


"No",  said  the  House  of  Lords,  dismissing  an  appeal  from 
the  Second  Division  of  the  Court  of  Session  in  Scotland,  the 
judgment  of  which  has  already  been  reported  in  this  Journal 
in  vol.  In.  p.  95,  where  the  full  facts  of  the  case  will  be  found. 

In  giving  judgment.  Lord  Haldane  said  :  "*  The  question 
:'  raised  by  the  special  case  was  whether  the  full  dividend  of 
"  4  per-cent.  to  which,  and  to  no  more  than  which,  the  appellants 
"  as  holders  of  preference  shares  in  the  respondent  company 
"  were  entitled,  having  been  paid  in  full,  the  respondents  were 
"  entitled  to  deduct  the  whole  amount  of  os.  in  the  £  as  income 
"  tax  for  which  they  were  said  to  be  accountable  under  the 
"  Finance  Act.  1916,  to  the  Inland  Revenue  authority  of  the 
United  Kingdom  :  or  whether  the  appellants  were  entitled,  in 
"  respect  of  the  preference  shares  on  which  the  whole  of  the 
"  possible  dividend  to  which  they  were  entitled  had  been  paid, 
"to  a  deduction  or  return  to  them,  as  between  themselves  and 
"  the  respondent  company  and  its  ordinary  shareholders,  of  the 
*"  amount  allowed  by  s.  43  of  that  Act.  an  amount  which  I  may 
■*  for  convenience  treat  as  being  Is.  6(7.  out  ot  the  os.  Sect.  43 
*'  is  in  these  terms  :  '  If  any  person  who  has  paid,  by  deduction 
"  or  otherwise,  United  Kingdom  income  tax  for  the  current 
"  income  tax  year  on  any  part  of  his  income  at  a  rate  exceeding 

three  shillings  and  sixpence  proves  to  the  satisfaction  of  the 
"  "  Special  Commissioners  that  he  has  also  paid  any  Colonial 

income  tax  in  respect  of  the  same  part  of  his  income,  he  shall 
"  "  be  entitled  to  repayment  of  a  part  of  the  United  Kingdom 
"  '  income  tax  paid  by  him  equal  to  the  difference  between  the 
"  "  amount  so  paid  and  the  amount  he  would  have  paid  if  the 
*  tax  had  been  charged  at  the  rate  of  three  shillings  and 
"  "  sixpence  or,  if  that  difference  exceeds  the  amount  of  tax  on 

that  part  of  his  income  at  the  rate  of  the  Colonial  income 

tax,  equal  to  that  amount.' 

"  '  In  this  section  the  expression  "  United  Kingdom  income 
tax  "  means  income  tax  charged  under  the  Income  Tax  Acts; 
"  "  and  the  expression  "Colonial  income  tax"  means  income  tax 
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"  '  charged  under  any  law  in  force  in  any  British  possession  or 
"  '  any  tax  so  charged  which  appears  to  the  Special  Commissioners 
"  '  to  correspond  to  United  Kingdom  income  tax. 

"  The  respondent  company  carried  on  a  large  part  of  its 
business  in  New  Zealand  and  Australia.  It  earned  profits 
"  there  on  which  Colonial  income  taxes  were  charged.  The 
"  amounts  of  these  Colonial  taxes  were  deducted  by  the 
"  respondent  company,  just  as  were  general  expenses,  and  what 
"  remained  as  nett  balance  was  remitted  to  Scotland,  where 
"  the  respondent  company  was  domiciled,  to  be  divided  as 
"  profit  earned  along  with  other  profit  coming  into  general 
"  revenue  account.  There  is  no  doubt  about  the  liability  of 
"  the  respondent  company  to  United  Kingdom  income  tax  in 
"  respect  of  these  profits,  nor  is  there  any  doubt  about  their 
"  right  to  claim  a  repayment  of  allowance  under  the  terms  of 
"  s.  43  which  I  have  quoted.  The  question  which  arises  is 
"  whether  the  preference  shareholders,  having  received  their 
"  dividends  in  full,  are  entitled  to  claim  against  the  respondent 
"  company,  and  as  between  themselves  and  the  company,  to 
"  participate  in  the  allowance  made  by  the  United  Kingdom 
"  authorities  to  the  latter  under  s.  43,  in  respect  of  the  Colonial 
"  taxes  which  had  to  be  paid  in  New  Zealand  and  Australia 
"  before  nett  profits  earned  there  could  be  ascertained  and  sent 
"  to  Scotland.  Other  questions  might  conceivably  emerge  if 
"  the  preference  shareholder  had  not  received  the  full  amount 
"  to  which  by  their  contract  they  were  entitled.  But  as  they 
"  have  received  all  that  they  could  possibly  claim  under  that 
t(  contract,  the  only  question  that  does  arise  is  whether  they 
"  are  entitled  as  between  themselves  and  the  respondent  company 
"  to  any  allowance  under  s.  43. 

"  My  Lords,  the  answer  to  this  question  depends  on  the 
"  language  of  the  section.  It  will  be  observed  that  the  words 
"  used  confer  a  right  to  claim  only  on  a  person  who  can  show 
"  that  he  has  paid  Colonial  income  tax  on  the  part  of  his  income 
;'  on  which  he  is  taxed  in  the  United  Kingdom.  Speaking  for 
"  myself,  I  am  wholly  unable  to  understand  how  the  appellants 
"  can  be  truly  said  themselves  to  have  paid  Colonial  income 
"  tax  on  their  preference  dividends.  They  have  received  these 
"  dividends  in  full.  No  doubt  the  respondent  company  paid 
"  Colonial  income  tax  on  the  profits  out  of  the  residue  of  which 
"  the  preference  dividends  have  been  paid.  But  that  did  not 
"  diminish  the  income  of  the  appellants.    They  neither  paid 
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"  the  tax  themselves,  nor  were  indirectly  subjected  to  it  in  any 
'*  way.  It  is  the  ordinary  shareholders  alone  who  have  lost 
;'  by  it,  and  in  a  question  between  the  various  bodies  of 
"  shareholders  and  the  respondent  company  as  to  how  the 
"  latter,  who  actually  paid  the  tax,  are  to  account  for  the  amount 
"  allowed  them  over  here  for  having  paid  it.  I  think  that  as 
"  against  the  ordinary  shareholders  the  appellants  have  no 
"  title.  Neither  under  the  language  of  s.  43,  nor  indirectly, 
;*  does  it  seem  to  me  possible  for  them  to  substantiate  a  claim 
*'  based  on  the  words  employed  by  the  Legislature.  The 
*"  appellants  as  preference  shareholders  are  outside  the  legislative 
"  jurisdiction  of  the  Dominions,  and  are  not  taxed  there.  It  is 
"  true  that  profits  carried  by  the  respondent  company  are 
"  within  that  jurisdiction,  and  are  taxed.  But  the  only  income 
' '  to  which  the  appellants  are  entitled  in  respect  of  their  preference 
"  shares  has  been  left  undiminished.  It  is  taxed  here  only. 
"'So  is  taxed  here  the  income  of  the  respondent  company  out 
*'  of  which  it  is  derived.  But  under  the  machinery  of  the  Income 
"  Tax  Acts  the  amount  of  the  tax  is  exacted  only  once.  The 
"  appellants  have  to  bear  the  ultimate  burden  of  the  5s.,  and 
"  they  can  claim  no  allowance  under  s.  43  ;  because  they  have 
paid  nothing,  either  directly  or  indirectly,  in  respect  of  which 
"  they  can  claim.  Some  one  else  paid,  and  that  other  person. 
**  the  respondent  corporation,  has  kept  the  appellants  clear  of 
"  all  deduction  from  their  income  on  that  account. 

"  The  opinion  which  I  have  thus  expressed  is  not  consistent 
;*  with  the  conclusion  arrived  at  by  Astbury,  J.,  in  Rover  v. 
"  South  African  Breweries.  But  after  giving  attentive 
*'  consideration  to  the  reasoning  of  the  learned  judge  in  that 
"  case,  I  am  unable  to  satisfy  myself  with  his  construction  of 
"*  s.  43,  or  to  follow  him  in  his  conclusion.  I  am  therefore  of 
"  opinion  that  the  decision  of  the  Court  of  Session  in  the  case 
"  before  us  must  prevail  and  should  be  affirmed/' 

Viscount  Finlay,  in  the  course  of  his  judgment,  added  :  "It 
"  cannot  be  contended  that  in  paying  the  Colonial  tax  the 
'  company  acted  as  agents  for  the  preference  stockholders. 
"  The  Colonial  income  tax  had  to  be  paid  in  the  Colony  and  the 
profits  could  not  be  remitted  to  the  United  Kingdom  without 
paying  it.    It  stands  exactly  on  the  same  footing  with  anv 
expenses  necessarily  incurred  in  the  business  of  the  company 
'*  in  the  colonies.    The  company,  in  the  conduct  of  its  business, 
acts  as  a  legal  person,  as  a  corporation.    The  different  classes 
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"  of  holders  of  stocks  and  shares  are  entitled  to  share  in  the 
"  profits  in  terms  of  the  articles,  but  the  company  carries  on 
"  its  business  itself  as  the  principal.  As  such,  it  has  paid  the 
"  Colonial  taxes  and  the  United  Kingdom  income  tax,  and  it 
"  is  the  only  person  entitled  to  claim  and  to  receive  from  the 
"  Commissioners  the  repayment  provided  for  by  s.  13." 


CORRB  SPON  DENG  E. 


APPROXIMATE  CALCULATION  OF  JOINT-LIFE 
ANNUITY-VALUES. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Sirs, — In  his  interesting  Note  "  On  obtaining  values  of  Life 
Annuities  at  isolated  rates  of  interest",  by  means  of  annuities- 
certain  {J I. A.,  vol.  lii,  p.  171),  Mr.  E.  H.  Lever  takes  as  his 
example  No.  7  the  calculation  of  the  values  of  «uo]:i?8]  and  a^Ja  at 
5  per-cent,  0["]  Table,  having  given  the  corresponding  values  at 
3  per-cent  and  3|  per-cent ;  and  he  states  that  the  examples  are 
ehosen  so  that  the  method  may  be  compared  with  that  given  in  the 
memorandum  at  "the  end  of  the  British  Offices  Life  Tables  (p.  229 
et  seq).  The  values  found  by  his  method  are  closer  to  the  values 
given  by  a  Hardy  summation  formula  than  those  found  by  the 
official  method  of  interpolated  equal  ages — see  the  British  Offices 
Life  Tables,  pp.  231-2  ;  and  on  the  assumption  that  the  values  by 
Hardy's  formula  are  unlikely  to  differ  from  the  true  values  by  more 
than  a  small  third  difference  error,  Mr.  Lever  regards  his  results  as 
showing  that  his  own  new  method  gives  results  more  accurate  on 
the  whole  than  the  official  method.  In  making  the  assumption  in 
question  he  has,  I  think,  overlooked  the  remarks  made  on  this 
subject  by  the  late  T.  G.  Ackland  (T.F.A.,  vol.  iii,  pp.  309-10), 
where  he  works  out  the  same  and  other  annuity- values  by  a  method, 
due  to  the  late  G-.  F.  Hardy,  which  is  rigidly  accurate  except  for 
very  small  errors  in  the  last  place  due  to  first  difference  interpolations. 
Mr.  Ackland  remarks  that  the  last  mentioned  method  "  gives  results 
"  which  are  practically  identical  with  those  deduced  by  Mr.  Lidstone's 
u  approximate  method "  (i.e.,  the  method  described  in  the 
memorandum  at  the  end  of  the  British  Offices  Life  Tables) ;  "  and  it 
"  will,  I  think,  also  be  found  that  the  results  by  both  methods  are 
"  practically  exact."  Mr.  Ackland  points  out  that  "the  formula  of 
"  approximate  summation  employed  in  this  comparison  (probably 
"  Mr.  G.  F.  Hardy's  formula  39a)  is  not  suitable  for  the  calculation 
il  of  select  annuity-values,  because  none  of  the  terms  of  the  formula 
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"  (excepting  uQ)  falls  within  the  period  of  selection."  Mr.  Ackland 
tested  the  matter  by  calculating  the  annuity- values  in  question  by 
Gr.  F.  Hardy's  extended  formula  38,  employing  15  and  17  ordinate* 
respectively,  and  obtained  results  very  close  to  those  found  by  the 
method  he  was  describing  and  to  those  found  by  the  official  method. 
In  order  to  test  the  matter  still  more  closely  I  have  had  the  annuity- 
values  calculated  at  length  by  the  formula  ^.tPxy,  taking  the 
calculations  to  5  decimal  places:  and  the  following  is  a  summary  of 
the  various  results  obtained  : 


Value 

a  F  *r 

[40]  :  [28] 

a  F  F 

150]:  [23] 

True  

12-605 

11-562 

By  official  method  (interpolated  equal  ages) 

12-603 

11*565 

„  Mr.  Lever's  method 

12-590 

11-554 

Hardy's  method  as  discussed  by  Ackland 

12-606 

11-562 

Hardy's  extended  summation  formula  38, 

as  given  by  Ackland  ... 

12-608 

11-561 

•  • 

These  results  show  that  the  official  method,  in  the  cases  here 
tested,  give  results  virtually  correct  in  the  3rd  decimal  place,  and 
do  not  support  Mr.  Lever's  remark  that  the  new  method  gives  on 
the  whole  more  accurate  results.  It  seems  desirable  to  correct  this 
misunderstanding,  as  the  method  of  interpolated  equal  ages,  for 
which  I  was  responsible,  has  been  officially  adopted  in  the  British 
Offices  Life  Tables  ;  but  these  remarks  are  not  made  by  way  of 
criticism  of  Mr.  Lever's  new  method,  which  is  ingenious,  and  no 
doubt  quite  sufficiently  accurate  for  most  practical  purposes : 
while,  as  he  points  out,  it  has  the  general  advantage  that  it  does 
not  depend  for  its  application  upon  the  existence  of  a  complete 
table  of  joint  life  annuities  at  equal  ages  at  the  rate  of  interest  at 
which  values  are  required. 

I  am,  Sirs, 

Your  obedient  Servant, 


Edinburgh, 

September  1921. 


Gr.  J.  LIDSTONE. 
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Charles  Ronald  Vawdrey  Coutts,  Chairman. 
Henry  Brown,  lion.  Secretary. 
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Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  A). 


1.  A  sum  of  money  consists  of  coins  of  two  different  denomina- 
tions. If  coins  of  the  higher  denomination  only  had  been  used 
the  total  number  would  have  been  12  fewer  and  if  coins  of  the 
lower  denomination  only  had  been  used  the  total  number  would 
have  been  2|  times  as  many,  while  if  the  numbers  of  the  coins  of 
each  denomination  were  interchanged  the  value  would  be  diminished 
by  one-eighth. 

Find  the  number  of  coins  of  each  denomination  and  the 
ratio  of  the  values  of  the  coins. 

2.  Prove  the  formula  for  the  number  of  permutations  of 
n  different  things  r  at  a  time. 

Find  the  sum  of  all  numbers  between  100  and  1,000  in 
which  no  digit  occurs  more  than  once. 


3.  Expand  *  a~*~x  in  ascending  powers  of  x  as  far  as  the  term 


4.  Prove  that  the  product  of  any  number  of  positive  quantities 
whose  sum  is  constant  is  greatest  when  the  quantities  are  all  equal. 


First  Paper. 


involving  x\ 


Hence  find  Jl'l  to  five  places  of  decimals. 
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5.  If  A  and  B  are  the  first  two  terms  of  an  Arithmetic 
Progression..  Geometrical  Progression  and  Harmonic  Progression, 
and  x,  y  and  :  are  the  third  terms,  prove  that 

4(^-x:)(:-2/)  =  U-:)-Z/. 
•  1 .  (a)  If  /{:>•)  =;,■--  +  .?-  3  +  x  ~  4  +  to  x  ,  find  the  value 

X=2 

(b)  FindHr+l).>;. 

7.  A  coin  is  tossed  until  both  heads  and  tails  have  appeared 
twice.  On  an  average  how  many  times  will  the  coin  have  to  be 
tossed  ? 

8.  A  purse  contains  five  half-crowns  and  four  shillings.  A  pays 
5s.  3d.  for  the  right  to  receive  the  value  of  three  coins  drawn  at 
random.  Criticize  his  bargain,  and  find  the  chance  that  after  two 
attempts,  the  second  on  the  same  terms  as  the  first,  he  will  be  a 
winner. 

9.  If  a  die  whose  faces  are  numbered  from  1  to  6  is  thrown 
four  times,  what  is  the  probability  that  the  sum  of  the  four  throws 
is  U  I 

Second  Paper. 

1.  Obtain  a  formula  for  un  in  terms  of  central  differences  of  Wq 
as  far  as  the  fourth  difference. 

2.  Prove  that 

(n-  \  )Mux  +  m(n  -  \)ul~lux+\+  -(»-  l)'"~2"s+2  +  -  •  • 

=  nmux  +  mn    lAux-\  ^-r- —  n"   -&rux  +  .  .  .  +  Amux. 

Hence  rind  the  sum  of  the  series 

1-  +  m  .  2-  +  — —  3-  + .  .  .  +  (m  +  1#  . 

3.  Prove  that,  if  third  differences  are  constant. 

and  hence  complete  the  series  v.\  =  139,  ?/3  =  375,  w5  =  787,  u:  =  1.423, 
and  Kg  =  2,331. 

vol.  in.  2  o 
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4.  Obtain  an  expression  for  the  value  of  ^-ax. 

dx 

Find  the  nth.  differential  coefficient  of  eax(x  -  2)2. 


5.  Show  that  there  must  be  a  minimum  value  between  two 
maximum  values  of  a  rational  algebraic  function  of  one  variable. 

Find  the  minimum  and  maximum  values  of 
$4-4£B3-8a;2  +  48a;-48. 

6.  Evaluate 

2dx 


(1)   f  ,       dx  - 

i  7(^-1)^-2; 

(3)  f,f+^  +  8*fe 
./  (3a;-  l)(a  +  2r 


7.  Show  that  Afr^ dx  =  uv  -  [v~dx, 
J    dx  J  dx 

Find  the  value  of  lx2'1'  h^dx. 

J  n 


8.  Prove  that 


I  uxdx  =  +  Su0  -u-i)  approximately. 

Jo  12 

If  the  speed  of  a  train  on  a  non-stop  run  is  as  shown  in  the 
table  below,  find  the  approximate  mileage  travelled  between  12.0 
and  12.30,  using  the  above  formula. 


Time 

Speed  in 
miles  per  hour 

11.50 

242 

12.0 

35  0 

12.10 

41-3 

12.20 

42-8 

12.30 

392 

1921.]    Examination  for  Class  of  Associate  (Part  I,  Sec.  B).  519 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  B). 

'•  A  Short  Collection  of  Actuarial  Tables "  will  lie  supplied  for  use  in 
answering  this  Paper. 

1.  If  a  sum  be  accumulated  at  an  effective  rate  of  interest  of 
5  per-cent  per  annum  for  the  first  15  years.  per-cent  per  annum 
for  the  next  10  years  and  4:  per-cent  per  annum  for  the  last  5  years, 
find  the  equivalent  force  of  interest,  assumed  constant,  over  the 
whole  period  of  30  years.    Given  log10e  =  -4343. 

2.  Find  an  expression  for  the  value  of  an  annuity  for  3/':  years 
of  amount  1  at  the  end  of  each  of  the  first  n  years,  2  at  the  end  of 
each  of  the  second  n  years,  and  3  at  the  end  of  each  of  the  third 
n  years,  and  for  the  total  amount  of  capital  redeemed  by  the  end  of 
2/>  years. 

3.  A  debenture  for  £10.000  redeemable  at  par  on  1  January 
1924,  bearing  interest  at  7  per-cent  per  annum  payable  half-yearly 
on  1  January  and  1  July,  was  bought  on  1  September  1920  on  a 
basis  to  pay  6  per-cent  per  annum  convertible  half-yearly.  Draw 
up  a  schedule  showing  the  amount  to  be  written  off  capital  out  of 
each  interest  payment. 

4.  A  5  per-cent  security,  redeemable  in  10  j*ears  at  105  and 
bearing  interest  (subject  to  income  tax)  half-yearly,  is  issued  at  par. 
If  income  tax  be  taken  at  4-s.  in  the  £,  at  what  price  should  a 
4  per-cent  security,  bearing  interest  free  of  tax  half-yearly,  and 
redeemable  in  10  years  at  par,  be  issued  to  give  the  same  yield  ! 

5.  A  corporation  issues  £100,000  in  bonds  of  £100  each, 
bearing  interest  at  4:  per-cent  per  annum  payable  yearly,  redeemable 
by  annual  drawings,  50  bonds  being  drawn  each  year  for  20  years, 
the  bonds  drawn  in  the  nth.  year  being  repayable  at  a  premium 
of  n  per-cent.  If  the  bonds  are  issued  at  a  price  to  yield  5  per-cent 
on  the  average  find  the  yield  to  the  holder  of  a  bond  drawn  in  the 
17th  year. 

6.  A  Government  makes  an  issue  of  =£1,000,000  in  £100  bonds, 
bearing  interest  at  5j  per-cent  payable  annually  and  redeemable  at 
105  by  an  annual  sinking  fund  of  i  per-cent.  What  is  the 
probability  that  the  purchaser  of  a  single  bond  will  realize  at  least 
4o  per-cent  on  his  investment  if  he  took  up  his  bond  at  date 
of  issue  at  a  price  of  1 1 0  ] 

7.  Tables  are  required  of  vn  and  «,7  to  4  places  of  decimals 
for  values  of  n  from  1  to  100  at  3J  per-cent  interest.  How  would 
you  construct  them  ?  State  the  number  of  clecimals  you  would 
employ  in  working,  and  the  checks  you  would  apply  to  verify  the 
accuracy  of  your  results. 


2  o  2 
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Examination  for  Admission  to  the  Class  of  Associate 

(Part  II). 

First  Paper. 

"  A  Short  Collection  of  Actuarial  Tables  "  will  be  sirpplied  f0r  use  in 
answering  this  Paj>er. 

1.  If  lx  between  the  ages  of  1  and  11  be  such  that  it  is  equal 

to  h(l-  ~\og1{)x)  find 
y 

(1)  the  complete  expectation  of  life  at  age  1  during  the 

next  10  years  ; 

(2)  the  average  age  at  death  of  those  who  die  between 

ages  1  and  11  ; 

(3)  the  force  of  mortality  and  central  death  rate  at 

age  6. 

(logc10  =  2-3). 

2.  The  membership  of  an  Old  Boys'  Association  consists  of 
{a)  annual  members  who  pay  an  annual  subscription,  and  (b)  life 
members  who  have  commuted  their  subscriptions.  Assuming 

(1)  that  100  new  members  have  joined  each  1  January  at 

exact  age  18  • 

(2)  that,  of  each  year's  entrants, 

10  become  life  members  at  the  outset, 

10  become  life  members  at  exact  age  23, 

one-ninth  of  the  surviving  annual  members  at  age  19 
withdraw, 

one-sixteenth  of  the  surviving  annual  members  at 
age  20  withdraw, 

and  there  are  no  other  transfers  of  membership  or 
withdrawals ; 

(3)  that  the  mortality  follows  the  HM  Table  j  and 

(4)  that  the  Association  has  been  in  existence  20  years 
give  expressions,  as  at  the  end  of  the  twentieth  year,  for  the  number, 
out  of  the  2,000  entrants,  who  have 

(a)  died  as  annual  members, 

(b)  withdrawn  „ 

(c)  survived  „ 

(d)  died  as  life  members, 

(e)  survived  „ 

and  prove,  by  addition,  the  accuracy  of  the  expressions  you  give. 
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3.  If  tpx  =  1  -  ct  for  values  of  t  from  0  to  10,  where  t  is  constant, 
find  the  probability  that  the  second  death  amongst  three  persons 
now  aged  x  will  occur  within  10  years  from  now  and  not  more 
than  1  year  after  the  first  death. 

4.  If  <~x  =  a-\-l>cz  where  a,  b  and  c  are  constants,  find  an 
expression  for  Jx. 

5.  Compensation  granted  to  a  widow  with  four  children,  aged 
exactly  13.  11.  9  and  7  respectively,  includes  the  payment  of 

os.  a  week  to  the  eldest  child  until  age  16  or  previous  death  ; 
4:S.       „       ,,     second       „  „  „  „ 

35.       „       „  third 

2  s.       ,,       ,,     youngest    „  „  „  „ 

On  the  termination  of  the  weekly  payment  to  any  one  child 
by  death  or  attainment  of  age  16,  the  younger  surviving  children 
each  receive  Is.  a  week  in  addition  to  their  previous  allowance 
and  so  on  until  the  last  child  is  in  receipt  of  bs.  a  week. 

Find  the  value  of  the  payments  to  the  children  in  terms  of 
single  life  and  two-life  temporary  annuities. 

6.  The  staff  of  a  company  is  maintained  at  1000  by  a 
uniform  number  of  entrants  each  year  at  exact  age  20.  There  are 
no  withdrawals  except  by  death  and  superannuation  at  age  65. 
Each  member  of  the  staff  on  entrance  effects  with  a  staff  assurance 
fund,  an  endowment  assurance  for  £200  maturing  at  age  65.  The 
premiums  paid  are  the  HM  3  per-cent  net  premiums.  Using  HM 
mortality  and  3  per-cent  interest  throughout,  what  will  be  the 
amount  of  the  fund  when  it  reaches  a  stationary  condition  I 


"  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  Paper. 


2.  If  Sjrfi  is  the  net  premium  for  an  annuity  of  1  per  annum 
deferred  /  years  with  the  return  of  the  net  premiums  in  the  event 
of  death  before  the  annuity  commences,  prove  that  the  value  of  the 
contract  at  the  end  of  n  years  from  the  commencement  (n<f)  on  the 
same  basis  as  that  on  which  the  premium  is  calculated  is 


Second  Paper. 


1 .  Prove  that  a x  =  ax  +  A x 


and  that 


ax 
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3.  Prove  that 

ni^x  ~t~  ii^ x+  ih{^   '  m^x)  =  m  f  x 

and  give  a  verbal  explanation  of  the  equation. 

What  is  the  corresponding  relation  for  endowment 
assurances  ? 

4.  A  continuous  annuity-certain  to  commence  on  the  death  of 
x  but  in  no  case  to  continue  after  n  years  from  the  present  time, 
is  purchased  by  the  payment  of  premiums  payable  momently  during 
the  lifetime  of  x  within  the  next  n  years.  Assuming  x  to  be  alive, 
give  an  expression  from  which  the  time  when  the  numerical  value 
of  the  net-premium  reserve  will  be  greatest  can  be  ascertained 
approximately. 

5.  Express  in  the  form  of  an  integral  the  value  of  a  curtate 
annuity  of  1  per  annum  payable  m  times  a  year  to  x,  to  be  entered 
upon  at  the  death  of  y,  and  thence  show  that  the  value  can  be 
expressed  approximately  in  the  form 

®x  ~  &xy  ~  ^     Aa;^  . 

2m 

Show  also  how  this  formula  should  be  adjusted  to  give  the 
value  of  a  similar  annuity 

(a)  to  be  entered   upon  at   the  death  of  y  and  to  be 

apportionable  to  the  death  of  x, 

(b)  with  the  first  payment  due  at  the  end  of  the  year  of 

death  of  y,  the  annuity  to  be  curtate,  and 

(c)  with  the  first  payment  due  at  the  end  of  the  year  of 

death  of  y,  the  annuity  to  be  apportionable  to  the 
death  of  x. 

6.  Find  the  Carlisle  3  per-cent  annual  premium,  payable  until 
the  risk  determines,  for  an  assurance  on  the  life  of  A.  aged  37,  if 
he  dies  before  B,  aged  70,  or  within  three  years  after  the  death 
of  B. 

7.  A  community  of  men  experiences  a  rate  of  mortality  equiva- 
lent at  each  age  up  to  and  including  59  to  the  0[NM]  rate  two  years 
after  the  date  of  assurance,  and  at  and  after  age  60  to  the  ultimate 
0NM(5)  rate. 

Show  in  detail  how  you  would  proceed  to  construct  columns 
of  Y>x  and  Cx  giving  effect  to  this  mortality.  It  may  be  assumed 
that  complete  0[NM]  and  0NM(5)  Tables  are  available, 

Third  Paper. 

"  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  Paper. 

1.  Find  by  the  0[NM1  3  per-cent  Table  with  a  loading  of 
2|  per-cent  the  single  premium  for  a  policy  securing  : 
(a)  £100  at  the  end  of  10  years,  and 
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(b)  If  a  life  now  aged  30  die  during  the  10  years,  interest 
payable  half-yearly  at  the  rate  of  5  per-cent  per  annum 
on  the  amount  of  the  single  premium  for  the  remainder 
of  the  term  after  the  end  of  the  year  of  his  death. 

2.  Find  the  annual  premium,  on  the  basis  of  the  0[NM]3  per-cent 
table,  with  a  loading  of  9  per-cent  on  the  gross  premium  for  expenses, 
&c,  for  a  double  endowment  assurance  effected  at  age  30  for  £200 
payable  at  age  50, 

(a)  if  the  sum  payable  at  death  before  age  50  is  £100  ; 

(b)  if  the  sum  payable  at  death  before  age  50  is  £100  or  the 

total  amount  paid  in  premiums,  whichever  is  the 
greater. 

3.  Calculate  by  the  HM  3  per-cent  Table  the  net  single  and 
annual  premiums  for  an  annuity  to  a  person  aged  35,  after  the 
death  of  a  person  aged  50,  for  the  remainder  of  a  term  of  25  years 
from  the  present  time. 

The  annuity  is  to  be  payable  yearly,  a  full  year's  payment 
being  made  at  the  end  of  the  year  of  death  of  the  person  aged  50, 
and  it  is  to  be  apportionable  to  the  date  of  death  of  the  person 
aged  35.  The  annual  premium  is  to  be  payable  until  the  end  of  a 
term  of  10  years  or  the  first  death  if  it  occurs  previously. 

What  would  be  the  reserve  for  the  annual  premium  contract 
at  the  end  of  one  year,  if  both  persons  are  still  alive  1 

4.  Find  by  the  HM  3  per-cent  Table  the  net  single  premium 
for  an  assurance  of  £100  payable  on  the  death  of  the  last  survivor 
of  two  lives  aged  30  and  35  within  20  years,  the  sum  of  £200  being 
payable  at  the  end  of  that  term,  if  both  survive,  or  £100  if  one  only 
survives. 

5.  Find  the  net  yearly  premium,  on  the  basis  of  the  HM  Table 
with  3  per-cent  interest,  for  an  endowment  assurance  effected  at 
age  35  and  maturing  in  20  years,  with  compound  reversionary 
bonuses  allotted  quinquennially  from  the  date  of  effecting  the 
policy  at  the  rate  of  2  per-cent  per  annum  on  the  sum  assured  and 
on  previous  quinquennial  bonuses,  and  with  simple  reversionary 
interim  bonuses  in  the  event  of  death  during  a  quinquennium  at 
the  rate  of  1  per-cent  on  the  sum  assured  in  respect  of  each  yearly 
premium  paid  during  the  quinquennium. 

6.  Find  the  value  by  the  HJI  3  per-cent  Table  of  an  annuity 
of  £100  per  annum  payable  by  half-yearly  instalments  until  the 
end  of  5  years  or  the  end  of  the  year  following  that  in  which  a  life 
now  aged  80  dies,  whichever  is  the  later. 
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Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III.— Section  A). 

First  Paper. 

1.  It  is  desired  to  investigate  the  experience  in  regard  to 
sickness,  mortality  and  secession  of  a  large  friendly  society  with 
branches. 

Describe  carefully  and  fully  the  methods  by  which  the  data 
should  be  collected  and  analyzed.  State,  giving  reasons,  the  nature 
of  the  investigations  which  you  would  make  into  the  experience. 

2.  What  life  tables  were  prepared  in  connection  with  the 
1911  Census  of  England  and  Wales  ?  How  did  the  sectional  life 
tables  differ  from  those  constructed  at  previous  censuses  ? 

Discuss  the  desirability  of  preparing  tables  of  the  various 
types  mentioned  and  suggest  any  alterations  which  you  consider 
advisable. 

3.  Describe  a  method  by  which  an  aggregate  mortality  table 
may  be  readily  and  continuously  obtained  from  year  to  year  by  means 
of  the  valuation  class  books  of  a  large  assurance  company  in  respect 
of  whole  life  policies. 

State  the  formula  you  would  adopt  for  the  exposed  to  risk. 

Second  Paper. 

1.  Given  the  following  extract  from  the  experience  of  a 
provident  fund,  calculate  the  unadjusted  central  rates  of  withdrawal 
and  mortality  at  age  20. 

The  members  of  the  fund  are  entitled  to  sickness  benefits 
after  6  months'  membership,  and  the  total  number  of  weeks'  sickness 
experienced  at  age  20  was  1,035.  Calculate  the  unadjusted  central 
rate  of  sickness  per  member  per  annum  at  that  age. 


Age 

X 

Members 
at  beginning 
of  period 

Entered 
during 
period 

Withdrew 
during 
period 

Died 
during 
period 

Members 
at  end  of 
period 

Age 

X 

14 

26 

1,175 

34 

1 

29 

14 

ir> 

162 

919 

77 

1 

26  L 

15 

16 

307 

737 

177 

5 

409 

16 

17 

426 

352 

533 

2 

471 

17 

18 

421 

145 

806 

6 

349 

18 

19 

309 

75 

626 

5 

114 

19 

20 

353 

52 

414 

7 

202 

20 

N.B. — The  experience  was  investigated  in  calendar  years  and  the  ages  were 
calculated  in  the  following  manner: 

Members  at  beginning  and  end  of  period" — ages  nearest  birthday. 

„      entered,  died,  withdrew  or  sick — ages  nearest  birthday  at  beginning  of 
calendar  year  of  entry,  death,  withdrawal  or  sickness  respectively. 
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2.  Given  the  following  adjusted  rates  of  mortality  and  central 
rates  of  withdrawal  : 


Age 

9x 

mwx 

16 

•0023 

•230 

17 

•0024, 

•182 

18 

•0025 

•151 

Compute  the  life  and  withdrawal  table  for  ages  16  to  18, 
both  inclusive. 

3.  Contrast  the  two  following  summation  formulas  from  the 
point  of  view  of  («)  accuracy,  and  (b)  smoothing  power  : 

.  Wi|lW[_w.2+!(_1+1(0+Ml_U2] 

Which  formula  would  you  use  in  practice  ? 

4.  The  following  data  (Table  I)  were  obtained  from  a  large 
benefit  fund  which  was  valued  on  the  last  occasion  by  assuming 
the  rate  of  mortality  indicated  in  Table  II.  Work  out  figures  to 
showr  whether  the  recent  mortality  experience  confirms  the  past 
and  discuss  special  divergencies  (if  any)  : 


Table  I. 


Table  II. 


No.  of  Subscribers 


Not  But 
under  under 


25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 


1  Jan.  1909      31  Dec.  191 


220 
310 
290 
300 
270 
200 
140 
100 
60 
20 
2 


200 
330 
300 
320 
300 
220 
160 
120 
80 
30 


Deaths 
1909-13 


10 
20 
14 
16 
14 
14 
14 
10 
12 
6 
0 


Age 

lO.OOOfce 

20 

101 

25 

93 

30 

90 

35 

92 

40 

99 

45 

116 

50 

142 

55 

189 

60 

259 

65 

373 

70 

550 

75 

907 
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5.  An  office  granting  annuities  desires  to  examine  its  mortality 
experience  over  a  period  of  10  years.  It  is  in  possession  of  the 
following  facts  : 

(a)  Exact  date  of  purchase  ; 

(b)  Age  last  birthday  at  date  of  purchase  ; 

(c)  Office  year  of  death. 

There  are  no  withdrawals.  The  office  year  ends  on  30  June. 
Show  how  the  experience  may  be  used  for  the  calculation  of  select 
mortality  tables. 

6.  What  general  features  in  regard  to  mis-statement  of  age 
were  revealed  by  the  1911  Census  of  England  and  Wales  ?  State 
how  the  irregularities  at  individual  ages  were  dealt  with  in 
constructing  the  English  Life  Table  No.  8  and  describe  the  process 
of  graduation. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. — Section  B). 


First  Paper. 

"  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  Paper. 

Table  I  gives  the  total  business  on  the  books  of  an  office  as  at 
1  January  1919  ;  Table  II  gives  the  new  business  ;  and  Table  III 
the  cancelments  for  the  year  1919.  Table  IV  gives  the  items  for 
the  Eevenue  Account  for  the  year  1919  which  cannot  be  obtained 
from  Tables  I,  II  and  III.  The  net  premiums  are  calculated  by  the 
HM  3  per-cent  Table  for  the  age  next  birthday  at  entry  and  policies 
are  valued  at  the  nearest  age  on  31  December. 

Make  a  valuation  of  the  business  as  at  31  December  1919  by 
the  HM  3  per-cent  Table  ;  ascertain  from  the  completed  Eevenue 
Account  the  surplus  ;  trace  this  surplus  to  its  various  sources  and 
state  what  rate  of  simple  reversionary  bonus  could  be  declared. 

The  whole  of  the  business  consists  of  whole-life  policies. 

N.B. — The  work  should  be  done  throughout  in  tabular  form 
and  all  working  should  be  shown. 
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Table  I. 


Nearest  Age 
on 

31  Dec.  191S 

Sum 
Assured 

Reversionary 

Annual 
Office 
Premium 

Net 
Premium 
HM  3  % 

Annual 
Extra 
Premium 

£ 

£ 

£ 

£ 

51 

2,000 

100 

30 

24 

52 

3,000 

200 

60 

45 

"s 

53 

3,000 

150 

75 

60 

54 

4,000 

300 

80 

63 

15 

55 

1,000 

60 

15 

12 

13,000 

810 

260 

204 

20 

Table  II. 


Date  of  Birth 

Date  of  Entry 

Sum 
Assured 

Annual 
Office 
Premium 

Renewal  Date 

20  Aug.  1866 
15  Feb.  1867 
29  Nov.  1865 
20  July  1865 

28  Feb.  1919 
10  Mar.  1919 

15  July  1919 

16  Dec.  1919 

300 
400 
300 
1,000 

£ 
15 
20-5 
158 
55-0 

28  Feb. 
10  Mar.  and  10  Sept. 

15  July 
16  Dec.  and  16  June 

2,C00 

106-3 

N.B. — Office  premiums  are  charged  according  to  age  next  birthday. 


Table  III. 


Cause  of 
Cancelment 

Date  of 
Cancelment 

Nearest 
Aye  on 
31/12/18 

Sum 
Assured 

Rever- 
sionary 
Bonus 

Annual 
Office 
Premium 

Renewal 
Date 

Net  | 
Premium 
IP*  3%  \ 

Death 
Death 

Surrendered  ) 
for  £48  / 

Lapse 
Bonus  ^ 

Surrendered  > 
for  £5  ) 

28  Feb.  1919 
15  Aug.  1919 

14  June  1919 

1  Feb.  1919 

2  Dec.  1919 

51 

52 

52 
54 

55 

£ 

100 
100 

300 
250 

£ 

5 

10 

£ 

20 
4-0  < 

c 

90 
120 

14  May 
15  March 

and 

15  Sept. 

30  Aug. 
1  Feb. 

£ 
1-5 

I- 

7*5 
100 

750 

15 

270 

21-5 
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Table  IV. 


£ 

£ 

Fund  at  beginning  of  year 

5700-0 

Commission 

25 

Interest  (less  tax)... 

228-2 

Expenses  ... 

20 

Depreciation 

250 

Second  Paper. 

1.  An  office  distributes  its  surplus  upon  the  tontine  plan  under 
which  the  reversionary  bonuses  vest  when  the  premiums  paid 
accumulated  at  4  per-cent  compound  interest  have  equalled  the 
sum  assured. 

Discuss  this  method  of  distribution  in  the  cases  of  a  recently 
established  office  having  a  surplus  for  the  first  time  and  an  old- 
established  office  with  a  large  number  of  policies  in  force  with 
durations  greater  than  the  accumulation  period. 

Mention  particularly  the  basis  upon  which  you  would 
allocate  the  surplus  to 

(a)  Those  policies  with  durations  in  excess  of  the  accumu- 

lation period  ; 

(b)  Those  policies  with  durations  less  than  the  accumulation 

period. 

What  reserve  would  you  make  in  a  valuation  in  respect  of 
previous  distributions  ? 

2.  Under  the  provisions  of  the  Courts  (Emergency  Powers) 
Act,  1914,  industrial  assurance  companies  could  not  enforce  the 
lapse  of  any  weekly  life  or  endowment  policy  for  an  amount  not 
exceeding  £25,  which  had  been  two  years  in  force  prior  to 
4  August  1914. 

State  what  reserves  you  consider  should  be  made  in  respect 
of  such  policies  in  arrears  at  a  valuation  prior  to  the  termination 
of  the  Act. 

On  the  termination  of  the  Act  what  general  scheme  of 
re-instatement  of  such  policies  would  you  suggest,  subject  to  evidence 
of  health  but  not  involving  payment  of  arrears  or  increase  of 
premium  ? 

3.  An  office  issues  a  large  number  of  participating  policies 
under  the  double  endowment  plan  for  a  common  period  of  20  years 
and  subject  to  uniform  monthly  instalment  premiums  for  all  ages 
at  entry  from  20  to  50  inclusive. 

A  separate  fund  is  kept  and  80  per-cent  of  the  divisible 
surplus  is  distributable  to  the  policyholders. 

Describe  in  detail  what  you  would  consider  to  be  the  simplest 
method  of  classifying  and  valuing  such  policies  and  upon  what 
basis  you  would  advise  that  the  surplus  be  distributed  by  way  of 
reversionary  bonus  to  the  policyholders  and  by  way  of  interim 
bonus  on  claims  during  the  following  quinquennium. 
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4.  "What  are  "negative  values"?  How  do  they  arise  in 
practice  {a)  in  the  case  of  an  ordinary  life  office,  (b)  in  the  case  of 
an  industrial  life  office  '?  State  how  you  would  treat  them  in  a 
valuation  and  give  your  reasons. 

5.  An  old-established  employers'  liability  insurance  company 
has  got  into  financial  difficulties.  How  would  you  value  the 
contracts  (a)  for  a  solvency  test,  and  (b)  for  the  purposes  of 
winding-up  ? 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV.— Section  A). 

First  Paper. 
"Write  an  essay  on  the  two  following  subjects  : 

(1)  The  Collecting  Societies  and  Industrial  Assurance  Com- 

panies Act,  1896,  as  regards  its  financial  and  actuarial 
aspects,  dealing  more  particularly  with  : 

The  amendments  which  are  suggested  in  the  report  of  the 
departmental  committee  of  enquiry. 

The  standards  of  solvency  which  should  be  adopted. 

The  method  of  determining  paid-up  policies  and,  surrender 
values  and  the  desirability  of  paying  the  latter  in  cash. 

The  treatment  of  policies  in  case  of  liquidation. 

(2)  The  principles  which  should  guide  an  office  in  framing 
tables  of  surrender  values  and  paid-up  policies  for  use  in 
the  case  of  whole  life  and  endowment  assurances,  including  : 

The  advisability  of  guaranteeing  such  surrender  values 
and  paid-up  policies  in  the  case  of  with-profit  and  non- 
profit policies  respectively. 

The  necessity  for  making  provision  for  adverse  selection. 

The  practical  calculation  and  checks  to  be  employed  in 
quoting  and  the  intervals  at  which  increases  would  be 
granted. 

The  desirability  of  using  surrender  values  in  payment  of 
overdue  premiums. 
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Second  Paper. 

"  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  Paper. 

1.  Question  5  of  the  Fourth  Schedule  of  the  Assurance 
Companies  Act,  1909,  asks  for  a  statement  as  to  "  the  actual 
proportion  of  the  annual  premium  income,  if  any,  reserved  as  a 
provision  for  future  expenses  and  profits."  An  office  gives  the 
following  reply : 

"  The  proportion  of  annual  premium  income  reserved  as  a 
provision  for  future  expenses  was  as  follows  :  15  per- 
cent was  deducted  from  the  office  premiums  to  obtain 
the  premiums  actually  valued,  but  after  elimination 
of  all  negative  values  the  total  proportion  of  the 
office  premiums  reserved  was  35  per-cent." 

Criticize  this  answer  and  state  what  amendments  (if  any) 
you  would  suggest  in  order  to  meet  the  requirements  of  the  Act. 

2.  £5,000  5  per-cent  War  Loan  (1929-47)  is  set  aside  for  the 
purpose  of  providing  annuities  of  £100  each  to  A,  a  male  aged  55, 
and  B,  a  female  aged  75.  C,  who  is  entitled  absolutely  to  a  moiety 
of  the  fund  subject  to  the  annuities,  desires  to  sell  his  interest. 
How  would  you  arrive  at  the  value  ?  It  may  be  assumed  that  the 
trustees  will  not  divide  the  fund  until  both  the  annuitants  have 
died. 

3.  A,  a  male  aged  35,  is  possessed  of  whole  life  policies  for  £8,000, 
with  £700  added  in  bonuses,  at  annual  premiums  of  £200.  A  has 
become  practically  uninsurable,  but  wishes  to  raise  as  much  as 
possible  by  giving  a  charge  upon  his  reversionary  life  interest  in 
settled  estates  of  ample  value,  using  his  policies  to  cover  the  charge 
in  the  event  of  his  predeceasing  B,  the  present  tenant  for  life,  a 
male  aged  75.  Calculate  the  utmost  that  can  be  given  for  A's  interest 
assuming  that,  in  view  of  possible  future  bonuses,  the  purchaser  is 
willing  to  proceed  upon  a  6  per-cent  basis  throughout.  Explain 
numerically  how  the  transaction  would  be  closed  (a)  upon  the 
death  of  A  during  B's  lifetime  ;  and  (b)  upon  the  death  of  A  after 
B's  death. 

4.  What  forms  of  option  to  repurchase  are  granted  by  buyers 
of  reversions,  and  how  is  the  value  adjusted  in  each  case  ?  What 
legal  provision  has  to  be  considered  in  framing  the  terms  of  such 
an  option  ? 

5.  Write  an  essay  on  the  following  subject : 

The  various  methods  which  have  been  proposed  for  valuing 
reversions  and  life  interests  and  their  underlying  principles, 
explaining  : 
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Which  formula  you  think  most  satisfactory  for  practical 
purposes  in  the  case  of  absolute  and  contingent  reversions 
being  purchased. 

The  margins  required  to  allow  for  fluctuation  and  depre- 
ciation in  the  case  of  all  kinds  of  Stock  Exchange  and 
mortgage  securities,  freeholds,  ground  rents,  and  house 
property,  and  the  considerations  which  would  influence 
you  in  dealing  with  such  property  as  regards  site  and 
occupation. 

The  manner  of  arriving  at  the  loan  value  and  the  remedies 
in  the  event  of  the  non-payment  of  interest  upon  such 
loans. 

The  best  way  of  dealing  with  life  interests  to  ensure  the 
permanence  of  the  income  and  the  proof  of  the  existence 
of  the  life  tenant. 

The  effect  of  the  present  high  rate  of  income  tax  in  the  case 
of  the  purchase  of  life  interests  and  reversionary  life 
interests  (a)  by  an  insurance  company  and  (b)  by  an 
investment  company. 
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Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  A). 

First  Papier. 

1.  On  a  double  line  of  rails  between  A  and  B  two  down  trains 
start  from  A  at  12.0  and  1.0.  An  up  train  starts  from  B  at  2.0. 
It  meets  the  first  down  train  at  3.12,  is  equidistant  from  the  two 
down  trains  at  3.46§,  and  meets  the  second  down  train  at  4.30. 

Find  how  long  each  train  takes  to  travel  between  the 
two  towns  assuming  each  travels  at  a  uniform  rate. 
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2.  Solve  the  equation 

225:>j4  -  930a8  +  1321a;2  -  744*  +  140  =  0 

being  given  that  the  sum  of  two  roots  equals  the  sum  of  the 
other  two. 

3.  Calculate  correct  to  5  places  of  decimals 

oTi     2    1    ,  2  4  /  1  V2     2  4  6/lV  "1 

L      3  100     3  5  VlOO/      3  5  7  V100/  J 

4.  Show  that  the  series  i  +  —  +  i  +  is  convergent 

when  w  is  greater  than  unity  and  is  divergent  when  n  is  equal  to 
unity  or  less  than  unity. 

5.  Find  the  sum  of  the  series 


3 


(1)  T±Ti  ~  27375  +  37T^  -  4.5.7  +'  '  '  t0  * 

(2)  A,  +        *    *  1 


6.12     6.12.18  6.12.18.24 

7 . 9.  11 


+  .  .  .  to  oc 


6  .  12  .  18  .  24  .  30 

6.  Show  that  when  x  is  small  compared  with  a  or  b 

4  Jl-a*-  =  (/,  _  «),■  +  (62  -  a2)  f 

v  1  -  a.?:  +  v  1  —  6s! 

3 

+  (A  -  a)  (5a2  -f  6a&  +  5b2)  — ■  approx. 

16 

7.  If  two  of  the  first  hundred  numbers  are  chosen  at  random 
what  is  the  probability  that  their  difference  exceeds  10  1 


8.  A  bag  contains  m  white  balls  and  two  red  balls.  The 
balls  are  drawn  from  the  bag  one  at  a  time  without  being  replaced, 
until  a  red  ball  is  drawn.    If  1,  2,  3  .  .  .  white  balls  are  drawn,  A  is 

to  receive  I2,  22,  3 2  schillings  respectively.    What  is  the 

value  of  his  expectation  1 
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9.  A  and  B  play  a  match  to  be  decided  as  soon  as  either  has  won 
two  games.  The  chance  of  either  winning  a  game  is  and  of  its 
being  drawn  t<j.  What  is  the  chance  that  the  match  is  finished  in 
10  or  less  games  ? 

Second  Paper. 

1.  u0  =  0  1*3  =  204 
«!  =  79  ?/.-,  =  301 
1*2=146                1*8  =  415 

Find  v4,  1%,  and  u7. 

2.  Prove  that  f{E)axux  =  axf(dK)ux. 
Hence  or  otherwise  prove  that 


X 

~(>xux=  : 

a  -  1 


0  A 

y-x  rAt*fl 

a  - 1 


3.  Prove  that  if  fourth  and  higher  differences  are  ignored  the 
sum  of  n  successive  terms  of  a  function  of  which  uQ  is  the  central 
term  is 


»i*o+  — —  A-u- 


where  n  is  an  odd  number 
4.  Differentiate 


Find  the  nth.  differential  coefficient  of  af +  \  and  the  second 

X"  -  c~ 

differential  coefficient  of  z6*- 

5.  Expand  log(.>'+  Ja2  +  x'2)  in  ascending  powers  of  x. 

6.  A  window  is  in  shape  a  rectangle  with  a  semicircle  covering 
the  top.  If  the  perimeter  of  the  window  be  a  fixed  length  /,  find 
what  is  its  maximum  area.  (The  area  of  a  circle  of  radius  r  is  irr 
and  the  length  of  the  circumference  2irr.) 

7.  Prove  that 

LtA=0A[<M«)  +  4>{a  +  h)  +  4>(a  +  2h)  .  .  .  +  4>{L)]  =  if,(b)  -  $(a) 

where  ^ 

dx 

assuming  that  the  function  <£(.r)  is  finite  and  continuous  between 
the  limits  a  and  b. 

VOL.  lii.  2  p 
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8.  Given  w- 2,  u0l  and  u2,  find  an  approximate  value  for  ju%dx. 

9.  In  a  line  AB  of  length  3a,  a  point  P  is  taken  at  random 
and  then  in  AP  a  point  Q  is  taken  at  random.  What  is  the 
probability  that  PQ  exceeds  a  1 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  B). 

"A  Short  Collection  of  Actuarial  Tables"  and  the  Supplement  will  be 
supplied  for  use  in  answering  this  Paper.  ' 

1.  Prove  that  the  usual  approximation  for  the  equated  time  for 
a  number  of  sums  due  at  various  dates  is  in  favour  of  the  debtor. 

2.  Given  that  the  modulus  of  common  logarithms  is  -43429, 
find  the  value  at  4  per-cent  per  annum  effective  of  a  perpetuity 
payable  half-yearly  whose  successive  payments  are  1,  J,  J,  J,  &c. 

3.  A  loan  of  £4,000  was  made  on  1  January  1915  repayable  in 
25  years  by  means  of  equal  half-yearly  annuity  payments  on  the 
basis  of  interest  at  the  rate  of  5  per-cent  per  annum  convertible 
half-yearly.  On  1  January  1920  an  additional  repayment  of  £1,000 
was  made  with  the  half-yearly  payment  then  due.  Calculate  the 
new  annuity  payment  commencing  1  July  1920  on  the  assumption 
that  the  term  outstanding  is  to  remain  unaltered  and  draw  up  a 
schedule  for  the  first  four  new  payments,  showing  the  amount  of 
principal  and  interest  in  each  and  the  principal  outstanding  at  each 
half-year. 

Show  clearly  what  checks  you  would  employ  to  ensure  the 
correctness  of  the  schedule  as  far  as  you  have  worked. 

4.  In  consideration  for  a  loan  of  £2,000,  A  agrees  to  make  the 
lender  14  yearly  payments  of  £189.  6s.  9d.,  the  first  payment  being 
made  in  twelve  months  from  the  date  of  the  loan. 

After  10  payments  A  finds  himself  unable  to  keep  his 
contract,  but  offers  instead  to  pay  £30  every  three  months.  For 
how  long  on  the  basis  of  the  same  rate  of  interest  should  he 
continue  this  reduced  payment  and  what  will  be  the  amount  of 
the  last  quarterly  payment  ?  The  first  of  the  quarterly  payments 
is  to  be  made  at  the  end  of  10J  years  from  the  commencement 
of  the  contract. 

5.  An  issue  is  made  of  debentures  bearing  interest  at  6  per- 
cent per  annum,  payable  half-yearly,  redeemable  in  four  equal 
amounts  at  the  end  of  5,  10,  15  and  20  years,  at  102,  104,  106 
and  108  respectively.  What  should  be  the  price  of  issue  to  yield 
8  per-cent  per  annum,  convertible  half-yearly. 
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6.  A  corporation  issues  a  loan  of  £500.000.  bearing  interest  at 
the  rate  of  4  per-eent  per  annum,  redeemable  at  par  by  means  of  a 
cumulative  sinking  fund  of  amount  sufficient  to  repay  the  loan 
in  50  years.  After  15  years  sinking  fund  payments  are  discontinued, 
interest  only  being  paid  for  the  next  ten  years.  Sinking  fund 
operations  are  then  resumed,  the  annual  charge  being  fixed  at  an 
amount  sufficient  to  redeem  the  loan  by  the  date  originally  fixed. 
Find  the  average  yield  realized  if  the  issue  price  be  70. 

7.  An  annuity  certain  of  £100  per  annum  for  20  years,  deferred 
10  years,  the  first  payment  to  be  made  11  and  the  last  30  years 
hence,  is  offered  for  sale.  What  price  should  be  offered  by  an  intending 
purchaser  who  wishes  to  realize  5  per-cent  on  his  outlay  and  to 
replace  his  capital  by  means  of  a  capital  redemption  assurance  for 
30  years,  at  an  annual  premium,  assuming  that  the  latter  can  be 
obtained  on  a  net  3J  per-cent  basis  ?  For  what  sum  should  the 
capital  redemption  assurance  be  effected  ? 


Examination  for  Admission  to  the  Class  of  Associate 

(Part  II). 

First  Paper. 

"A  Short  Collection  of  Actuarial  Tables"  "will  be  supplied  for  use  in 
answering  this  Paper. 

1.  Given  that  the  probability  that  of  three  lives  aged  x  one, 
and  one  only,  will  survive  n  years  is  27  times  the  probability 
that  all  will  die  within  n  years. 

Find  the  probability  that 

(a)  At  least  two  will  survive  n  years  ; 

V>)  At  least  one  will  die  within  n  years. 

2.  Give  an  expression  in  terms  of  joint  expectations  of  life 
(two  lives)  and  probabilities  of  survival  (single  life)  for  the 
probability  that  two  men  aged  30  and  40  respectively  will  die 
within  ten  years  of  each  other. 

3.  Assuming  the  law  of  mortality  between  ages  -40  and  50  to 
be  that  indicated  by  the  following  values  of  h-,  find  /a}o,|10('40  and 
the  average  age  at  death  of  those  who  die  between  ages  40  and  50  : 


X 

40 

76240 

41 

75477 

42 

71691 

43 

73880 

41 

73012 

2  p  2 
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4.  A  society  in  a  stationary  condition  is  supported  by  500 
entrants  at  exact  age  20.  The  withdrawals  from  the  society  are  so 
distributed  over  the  first  few  years  after  entry  as  to  be  equivalent  to 
the  withdrawal  of  5  per-cent  of  those  still  in  the  society  at  each 
of  the  ages  23  and  26,  and  all  those  attaining  age  60  retire  at  that 
age  with  a  pension. 

The  members  of  the  society  (excluding  pensioners)  are 
placed  in  three  groups,  60  per-cent  of  the  total  number  being  in 
Group  A,  30  per-cent  in  Group  B,  and  10  per-cent  in  Group  C.  On 
entry  a  member  is  placed  in  Group  A,  and  transfer  from  Group  A 
to  Group  B  and  from  Group  B  to  Group  C  is  by  seniority  alone. 

Find,  on  the  basis  of  the  HM  Mortality  Table, 

(a)  The  number  of  members  of  the  society  (excluding 
pensioners)  ; 

(b)  The  ages  at  which  a  member  will,  on  the  average,  be 
transferred  to  Groups  B  and  C. 


5.  On  1  January  each  year  a  staff  is  brought  up  to  a  total 
of  10,000  by  a  uniform  number  of  entrants.  It  consists  of*two 
classes  : 

Class  A,  maintained  by  entrants  at  exact  age  25  and 
transfers  from  Class  B  at  exact  age  40 ;  and 

Class  B,  maintained  by  entrants  at  exact  age  20. 


5  per-cent  of   the  survivors  at  age  40  in  Class  B  are 
transferred  to  Class  A  each  year. 

On  attaining  age  60  members  of  both  classes  are  retired. 

There  are  no  other  withdrawals.    The   proportion  of   men  in 

Class  B  to  men  in  Class  A  after  recruitment  on  1  January  in 
each  year  is  10  to  1. 

Assuming  that  HM  Mortality  is  experienced,  find  the  annual 
number  of  entrants  in  each  class. 


6.  Find  the  values  of 


dx 


'x  and 

c  dx 


Show  that  dx  can  be  expressed  in  the  form 
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Second  Paper. 

"A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  this  Paper. 

1 .  Given  the  following  data  : 

log  /,0  =  4-8621  log  D;o  =  4-1804 

■n      =  4-8552  „  D53=  4-1598 

„  /,2  =  4-8479  „  DM=  4-1388 

„  /,3  =  4-8402  „  D55  =  4-1172 

„  /54  =  4-8320  „  D.50  =  4-0950 

„      =  4-8232  „  D57  =  4-0723 

7*5  =  4-8139 

and  the  logarithm  tables  supplied,  find  at  3  per-cent  interest  the  net 
annual  premium  for  a  term  assurance  payable  at  the  first  death  of 
three  lives  aged  50,  51  and  52,  if  it  occur  during  a  term  of  5  years, 
and  demonstrate  the  formula  you  adopt. 

2.  Find  by  the  HM  Table  at  3  per-cent  interest  the  value  of  a 
curtate  annuity  of  £100  per  annum  payable  half-yearly  until  the 
death  of  the  survivor  of  two  lives  aged  30  and  35  respectively, 
the  annuity  to  cease  on  both  lives,  or  the  survivor,  attaining 
age  50. 

3.  Prove  that,  in  the  case  of  a  mortality  table  following 
Makeham's  law, 

_  ^  ^www  +  eSlhcicio 

=  cx  —  -  log  es .  alcmo 

c 

where  3c"'    cx  +  &  +  r. 

4.  A  life  aged  30  desires  to  purchase  a  deferred  annuity  of 
£100  per  annum,  payable  yearly,  to  be  entered  upon  on  attainment 
of  age  60,  subject  to  the  following  conditions  : 

(«)  The  annuity-payments  to  continue  in  any  event  for  ten 
years  certain  : 

(//)  In  the  event  of  a  life  now  aged  25  surviving  until  (30) 
attains  age  60,  the  annuity  is  to  be  continued  for  ten 
years  after  the  death  of  (30)  should  (25)  live  so  long. 

Find  the  net  value  of  this  annuity  on  the  basis  of  the 
HM  Table  with  3  per-cent  interest. 

5.  Find  by  the  HM  Table  at  3  per-cent  the  value  of  an 
assurance  of  £100  payable  at  the  second  death  among  three  lives 
aged  30,  35  and  40  years  respectively,  wTith  the  condition  that  if 
the  life  aged  40  die  first,  £50  will  be  payable  at  the  first  death  and 
£50  at  the  second  death. 

It  may  be  assumed  that  in  each  case  the  sum  assured  is 
payable  at  the  end  of  the  year  of  death. 
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6.  A  reversionary  annuity  of  .£100  is  to  be  payable  so  long  as 
at  least  two  of  three  lives  aged  30,  35  and  55  respectively  survive 
after  the  death  of  a  life  aged  60.  The  annuity  is  to  be  payable 
annually,  the  first  payment  to  be  made  at  the  end  of  the  year  of 
death  of  (60). 

The  whole  annuity  is  to  be  paid  to  (55)  so  long  as  he  survives 
with  either  or  both  of  (30)  and  (35),  but  if  (55)  die  before  these 
two,  the  annuity  payments  are  to  be  divided  equally  between  them. 

Obtain  expressions  in  terms  of  joint  life  annuities  for  the 
present  values  of  the  interests  of  (30),  (35)  and  (55)  respectively. 
Prove  your  answers. 

7.  Show  in  detail  how  you  would  construct,  by  a  continued 
process,  a  table  showing  the  amount  of  the  free  policy,  payable  at 
death,  that  can  be  granted  for  the  surrender  of  a  whole-life  non- 
profit assurance  subject  to  annual  premiums,  of  any  age  at  entry 
and  duration. 

State  what  checks  you  would  employ  to  ensure  accuracy. 
Third  Paper. 

"A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  this  Paper. 

1.  Find  the  annual  premium  by  the  0[NM]  Table  at  3  per-cent 
for  an  endowment  assurance  for  £100  on  a  life  aged  30,  for  a  term 
of  20  years,  under  which 

(a)  In  the  event  of  death  within  the  first  10  years  the 

premiums  paid  are  to  be  returned  without  interest ; 

(b)  In  the  event  of  death  during  the  second  half  of  the 

term,  the  sum  assured  of  £100  is  payable  ; 

(c)  At  maturity,  the  sum  assured  is  to  be  paid  by  ten  annual 

instalments  of  £10  each,  first  payment  at  the  end  of 
one  year  from  the  date  of  maturity,  and  interest  at 
the  rate  of  6  per-cent  is  to  be  allowed  at  the  end  of 
each  year  on  the  amount  outstanding  at  the  beginning 
of  the  year. 

The  gross  premium  is  equal  to  the  net  premium  loaded  with 
a  constant  of  5s.  and  5  per-cent  of  the  gross  premium. 

Also  give  expressions  for  the  value  of  the  policy  at  the  end 
of  4  and  14  years  respectively. 

2.  Find  the  purchase  price,  including  a  loading  of  10  per-cent 
of  the  gross  price,  of  a  curtate  annuity  of  1  per  annum  payable 
yearly  during  the  life  of  (x),  to  be  entered  upon  at  age  x  +  n, 
with  the  condition  that  in  the  event  of  death  before  age  x  +  n  two- 
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thirds  of  the  purchase  price  shall  be  returned,  but  if  death  occurs 
after  the  annuity  is  entered  upon  and  before  the  payments  amount 
to  the  purchase  price,  the  balance  of  the  full  purchase  price  shall  be 
returned. 

3.  A  whole-life  assurance  for  £1,250,  subject  to  annual 
premiums,  was  effected  15  years  ago  on  a  life  then  aged  30.  The 
assured  now  desires  to  reduce  the  sum  assured  to  £1,000,  and,  in 
addition,  to  pay  £200  in  cash  in  order  to  convert  the  contract  into 
an  endowment  assurance  for  £1,000,  the  annual  premium  to  remain 
the  same. 

Find,  on  the  basis  of  the  HM  Table  at  3  per-cent,  the  age  at 
which  the  endowment  assurance  will  mature,  and  ascertain  what 
cash  sum  would  be  required  in  order  that  the  endowment  assurance 
shall  mature  at  age  55. 

Assume  net  functions  throughout. 

4.  A  whole-life  assurance  is  effected  on  a  life  aged  x,  under 
which  the  net  annual  premium  for  an  ordinary  whole-life 
assurance  is  payable  for  the  first  5  years.  At  the  end  of  5  years 
the  assured  has  the  option  of  converting  the  policy  into  an 
endowment  assurance  for  the  same  sum  assured,  payable  on  his 
attaining  age  x  +  n  or  previous  death. 

(a)  Find  an  expression  for  the  net  annual  premium  to  be 

paid  for  the  remaining  term  of  the  assurance  if  the 
assurance  is  so  converted. 

(b)  Show  that  the  reserve  by  the  prospective  method  at  the 

end  of  5  years  after  such  conversion,  immediately 
before  payment  of  the  6th  increased  premium, 
is  equal  to  the  reserve  which  would  have  subsisted 
had  the  policy  not  been  converted,  together  with  the 
difference  in  the  net  premiums  paid,  accumulated 
with  benefit  of  survivorship. 

Assume  that  the  reserve  is  calculated  on  the  same  basis  of 
mortality  and  interest  as  the  net  premiums. 

5.  An  assurance  is  to  be  paid  on  the  death  of  a  life  now  aged 
x  if  he  survive  a  life  now  aged  y.  The  sum  assured  is  to  be  equal 
to  the  number  of  years  (integral  or  fractional)  elapsed  from  the 
present  time  to  the  date  of  the  death  of  (y). 

(i)  Assuming  different  mortality  tables  for  (x)  and  (y) 
respectively,  show  how  you  would  calculate  the  net 
single  premium  for  the  assurance  by  means  of  the 
following  formula  : 


wfl^a;  =  w{-28i*o  +  l-62«w+2-2M3n+l-62%n+-56M6n  + 


1-62%, 


n 


Give  a  skeleton  schedule. 
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(ii)  If  you  were  supplied  with  the  values  of  Da;,  Dxy,  Ma;, 
Mly,  Hx  and  K^,,  show  how  you  would  use  the  result 
deduced  in  (i)  to  find  the  net  single  premium  for  an 
assurance  of  100  payable  at  the  death  of  (x)  if  he 
survive  {y),  with  a  simple  annual  reversionary  bonus 
of  1  in  respect  of  each  complete  year  after  the 
death  of  (y). 

6.  An  endowment  assurance  for  ,£100  effected  on  a  life  aged 
30  for  a  term  of  20  years,  with  the  condition  that  in  the  event  of 
death  before  maturity,  in  addition  to  the  sum  assured  being  payable 
all  premiums  paid  are  to  be  returned  without  interest,  has  been 
10  years  in  force. 

Find,  on  the  basis  of  the  HM  Table  at  3  per-cent,  the 
amount  of  the  free  policy,  payable  at  age  50  or  predecease,  which 
can  be  granted  for  the  surrender  of  the  assurance, 

(a)  If  the  premiums  paid  are  still  to  be  returned  in  the 

event  of  death  before  age  50  ; 

(b)  If  the  premiums  paid  are  not  so  returnable. 
Use  net  functions  throughout. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. — Section  A). 

First  Paper. 

1 .  Give  an  account  of  the  method  of  graduation  by  a  summation 
formula,  dealing  particularly  and  fully  with  : 

(i)  The  theoretical  basis  of  the  method  ; 

(ii)  The  reasons  why  the  method  produces  a  graduated 

series ; 

(iii)  The  method  of  application  ; 

(iv)  The   circumstances   in    which   it   can  be  used  most 

advantageously ; 

(v)  Its  disadvantages. 

Illustrate  your  remarks  by  constructing  a  formula  true  to 
third  differences,  and  apply  it  to  find  a  graduated  value  of  the 
middle  term  of  the  following  series  : 

12,  14,  17,  18,  18,  21,  22,  24,  24,  26,  29,  32, 
34,  37,  41,  44,  49,  51,  56,  59,  63. 
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2.  For  practical  reasons,  you  are  desirous  of  graduating  an 
experience  of  male  annuitants  by  Makeham's  formula. 

An  experimental  graduation  of  the  ultimate  table  by  Hardy's 
method,  taking  log10c  =  -039,  gives  good  results  for  ages  over  50, 
but  gives  values  of  qx  which  are  impossibly  low  at  the  younger  ages. 

What  causes  may  have  tended  to  give  this  result  and  how 
would  you  proceed  in  the  matter  ? 

3.  What  are  the  objects  of  graduation  ?  How  would  you  test 
whether  a  graduation  was  satisfactory  ? 

What  special  points  arise  when  the  data  are  in  "  select  " 

form  ? 

4.  Given  the  following  figures  of  population  at  31  December 
1910,  and  of  births  and  deaths  for  the  following  five  years,  estimate 
as  closely  as  possible  the  population  at  each  year  of  age  from  0  to  5 
on  31  December  1915.  You  may  assume,  if  necessary,  that  70 
per-cent  of  the  deaths  in  the  first  year  of  life  occur  in  the  first 
six  months  of  age  : 


Age 

Number  living 
at  31  Dec.  191u 

1911 

Number  Dying 
1912  1913 

in  Teak 
1914 

1915 

Year 

Number 
born 

in 
Year 

0-1 

790 

125 

106 

112 

97 

95 

1911 

890 

1-2 

740 

28 

30 

29 

27 

26 

1912 

900 

2-3 

750 

10 

8 

11 

10 

9 

1913 

930 

3-4 

760 

6 

7 

5 

7 

6 

1914 

920 

4-5 

770 

4 

4 

3 

5 

4 

1915 

910 

Second  Paper. 

"  A  Short  Collection  of  Actuarial  Tables "  Trill  be  supjriied  for  use  in 
answering  this  Paper. 

1.  AVhat  is  meant  respectively  by  the  "policy"',  '"calendar", 
and  '  life  "  year  methods  of  construction  of  mortality  and  sickness 
tables  ? 

In   what    circumstances  can  each  be  used  with  special 
advantage  ? 

2.  Describe  fully  how  you  would  construct  select  and  aggregate 
mortality  tables  from  the  experience  of  whole-life  policies  of  a  very 
large  insurance  company,  the  information  available  in  respect  of 
each  policy  being 

Office  year  of  entry. 
Age  next  birthday  at  entry. 
Office  year  of  exit. 
Xumber  of  premiums  paid. 
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3.  What  do  you  understand  by  the  term  "  exposed  to  risk " 
as  applied  to  rate  of  mortality,  central  rate  of  withdrawal  and 
central  rate  of  sickness  1 

4.  In  what  way  and  for  what  reasons  do  rates  of  mortality 
differ  in  tables  constructed  from  : 

(a)  Population  Statistics. 

(b)  Statistics  of  Assured  lives. 

(c)  Statistics  of  Annuitants. 

Illustrate  your  remarks  by  reference  to  tables  in  current  use. 

What  special  points  have  to  be  borne  in  mind  in  drawing 
conclusions  from  comparisons  of  such  tables  1 

5.  The  following  table  shows  the  experience,  for  a  calendar 
year,  of  a  railway  friendly  society  which  grants  sickness  benefits 
for  a  period  of  52  weeks  and  death  benefits,  subject  to  six  months' 
membership  : 


Number  of  Members 

Actual  Deaths 

Actual  weeks 
of  Sickness 
(nearest  ages  at 
beginning  of 

Age 
Groups 

Beginning  of 

year 
(nearest  ages) 

End  of  year 

(nearest  ages  at 
beginning  of 
year) 

(nearest  ages) 

year) 

18-22 

4677 

4997 

11 

5778 

23-27 

5204 

5220 

15 

5904 

28-32 

6827 

6726 

24 

6920 

33-37 

7010 

7180 

30 

7855 

38-42 

6355 

6366 

38 

7428 

43-47 

4901 

5108 

35 

6500 

48-52 

3772 

3962 

40 

5804  ! 

53-57 

2640 

2802 

48 

5405 

58-62 

1777 

1879 

56 

5301 

Test  the  experience  by  means  of  the  Manchester  Unity 
AVhole-Society  Tables  and  state  what  conclusions  (if  any)  you 
would  draw  from  the  result. 

What  further  information  would  you  require  in  order  to 
make  your  test  more  accurate  1 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. — Section  B). 

First  Paper. 

1.  A  mutual  office  issues  only  whole-life  with-profit  policies 
and  distributes  its  surplus  quinquennially  by  the  simple  reversionary 
bonus  method.  It  divides  its  business  into  two  sections 
(l)  abstainers;  and,  (2)  non-abstainers,  but  no  separate  funds  are 
kept. 
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The  rates  of  premium  are  the  same  in  both  sections,  but  in 
allotting  bonuses  it  is  desired  to  give  effect  to  the  mortality  profit 
actually  earned  in  the  respective  sections.  Explain  the  investigation 
you  v  ould  make  and  the  methods  you  would  employ,  at  a  division 
of  profits,  so  that  such  mortality  profit  may  be  equitably  apportioned 
between  the  two  sections. 

2.  A  life  office  issues  endowment  assurance  policies  with 
tontine  bonuses  ;  no  bonuses  are  actually  allotted  to  an  individual 
policy  until  the  quinquennial  valuation  immediately  preceding 
maturity,  and  then  in  the  form  of  a  uniform  bonus  for  each  year 
the  policy  has  been  in  force. 

The  premiums  charged  under  this  table  are  calculated  so  as 
to  provide  an  immediate  simple  reversionary  bonus  at  half  the  rate 
of  that  on  full  profit  endowment  assurances. 

State  clearly  the  principles  you  would  adopt  in  allotting  to 
the  tontine  endowment  class  at  any  division  its  share  of  the  surplus. 
How  would  you  calculate  the  balance  of  the  surplus  in  hand  from 
the  previous  valuation,  and  decide  on  the  annual  rate  of  bonus  to 
be  allotted  to  the  policies  maturing  before  the  next  valuation  ? 

3.  Describe  in  detail  how  you  would  analyze  the  surplus  of  a 
large  annuity  fund  arising  at  a  quinquennial  valuation. 

The  fund  contains  a  large  number  of  deferred  annuity 
policies  with  return  of  premiums  (without  interest)  in  the  event  of 
death  before  commencement  of  the  annuity,  and  these  policies  are 
entitled  during  the  period  of  deferment  to  the  whole  of  the  surplus 
on  the  fund,  immediate  annuities  not  being  entitled  to  share  in 
the  profits.    Upon  what  basis  would  you  distribute  the  surplus  ? 

4.  A,  an  insurance  company  transacting  all  classes  of  insurance 
business,  including  life,  desires  to  extend  its  connections  and 
approaches  B,  a  mutual  company,  with  a  view  to  establishing  some 
form  of  working  agreement  between  the  two  companies.  Discuss 
the  various  forms  this  agreement  might  take. 

In  the  case  of  B  being  actually  taken  over  by  A,  state  the 
nature  of  the  investigations  you  would  make  in  advising  A  as  to  the 
terms  on  which  B  should  be  taken  over. 

5.  Discuss  generally  the  question  of  allotting  interim  bonuses. 
Deal  specially  with  the  case  of  an  office  that,  through  depreciation 
in  securities,  is  unable  to  declare  a  bonus,  but  has  paid  interim 
bonuses  on  claims  during  the  previous  five  years. 

Second  Paper. 

A  large  life  assurance  company,  valuing  as  at  31  December, 
and  distributing  profits  in  the  form  of  a  simple  reversionary  bonus, 
has  the  following  classes  of  policies  on  its  books,  both  with  and 
without  profits,  namely : 
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(1)  Whole-life, 

(2)  Endowment  assurances  (some   policies   mature    on  the 

birthday  and  some  on  the  anniversary),  and 

(3)  Limited  premium  policies  (whole-life  only). 

There  are  no  cases  where  an  ascending  or  descending  scale  of 
premiums  is  payable,  but  some  premiums  are  permanently  reduced 
or  extinguished  by  bonus  or  commutation. 

In  the  past  all  policies  have  been  valued  individually  by  a 
gross  premium  method.  It  has  been  decided  in  future  to  make  an 
0M  3  per-cent  net  premium  valuation,  valuing  in  groups  (endowment 
assurances  and  limited  premium  policies  according  to  Lidstone's  "  Z  " 
method),  and  to  adopt  a  continuous  method  of  tabulating  the  data 
so  as  to  enable  the  valuation  to  be  made  annually  without  delay. 

(1)  Draft  specimens  of  the  valuation  cards  you  would  use. 

(2)  Draw  up  a  full  list  of  the  instructions  which  you  would 

issue  for  writing  up  the  cards  from  the  office  records, 
and  explain  clearly  the  assumptions  you  make  and  the 
reasons  for  those  assumptions  as  regards  office  years  of 
birth,  ages  at  entry,  maturity  ages,  &c. 

(3)  Describe  the  system  of  books  and  sheets  you  would  use 

for  keeping  up  a  continuous  classification. 

(4)  State  the  usual  checks  you  would  have  with  the  office 

records  and  any  other  methods  you  would  employ  to 
enable  you  to  be  satisfied  with  the  accuracy  of  your 
valuation  data. 

Having  obtained  your  facts  for  the  valuation,  explain  for  each 
class  of  policy,  where  applicable, 

(a)  The  method  of  finding  the  valuation  ages, 

(b)  The  valuation  functions  you  would  use, 

{c)  Your  treatment  of  half-yearly  and  quarterly  cases, 

(d)  The  additional  loading  reserves  you  would  set  up, 

(e)  How  you  would  provide  for  claims  being  payable  immediately 

on  proof  of  death  and  title. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV. — Section  A). 

First  Paper. 

"A  Short  Collection  of  Actuarial  Tables"  and  the  Supplement  -will  be 
supplied  for  use  in  answering  this  Paper. 

1.  (a)  An  office  established  10  years  ago  transacting  a  large 
and  increasing  new  business  at  a  present  expense  rate  of  about 
30  per-cent  of  the  gross  premium  income,  shows  a  small  surplus 
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after  valuation  upon  an  0M<5)  4  per-cent  basis,  using  modified  net 
premiums  to  allow  for  an  initial  new  business  expense  of  £2.  10s.  Od. 
per-cent,  negative  values  being  excluded. 

The  office  now  wishes  to  grant  guaranteed  minimum 
surrender  values  of  33J  per-cent  of  the  gross  premiums  paid,  after 
three  years'  premiums  have  been  paid  under  whole  life  assurances 
with  uniform  premiums  or  limited  premiums  for  periods  exceeding 
20  years,  and  after  two  years'  premiums  have  been  paid  for  whole 
life  assurances  subject  to  limited  payments  for  20  years  or  less  and 
for  all  endowment  assurances. 

State  fully  your  opinion  on  this  proposal. 

(b)  State  generally  upon  what  basis  you  would  grant 
surrender  values  and  paid  up  policies  upon  double  endowment 
assurances. 

2.  What  steps  must  be  taken  by  a  registered  friendly  society 
desiring  to  convert  itself  into  a  company  under  the  Companies  Acts  t 
Discuss  the  question  as  to  whether  such  a  society,  having  converted 
itself  into  a  company,  can  afterwards  alter  or  extend  its  memo- 
randum of  association. 

3.  A  provisional  agreement  has  been  made  whereby  an 
insurance  company  undertakes,  subject  to  acceptance  by  the  requisite 
majority  of  the  shareholders  of  a  reversionary  company,  to  buy  their 
shares  at  a  price  to  be  determined  by  an  actuarial  valuation  of  the 
entire  assets  and  liabilities  of  the  reversionary  company. 

Write  a  report  to  the  directors  of  the  insurance  company 
stating  what  steps  are  necessary  and  dealing  with  : 

{a)  The  effect  of  the  Assurance  Companies  Act  of  1909  ; 

(b)  The  mortality  tables  recommended  ; 

(c)  The  rate  of  interest  to  be  assumed  in  the  calculations ; 

{d)  The  titles  to  and  the  adequacy  of  security  for  loans  upon 
reversions  and  life  interests  ; 

(e)  Expenses  of  conducting  the  business  and  compensation 
to  the  outgoing  directors  and  to  the  staff  of  the 
reversionary  company ;  and 

(/)  The  value  (if  any)  attaching  to  an  issue  of  £200,000 
debentures  bearing  interest  at  3j  per-cent  and 
redeemable  in  1960,  which  is  treated  as  a  liability  in 
the  balance  sheet  of  the  reversionary  company. 

4.  A  lady,  aged  40,  has  a  rent-charge  of  £500  payable  out  of 
a  large  estate  owned  by  her  father,  aged  65,  during  their  joint  lives, 
and  an  office  has  accepted  their  lives  for  a  whole-term  joint  life 
policy  of  adequate  amount  at  an  annual  premium  at  the  rate  of 
£9  per-cent  without  profits.    Calculate  the  maximum  market  value. 
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Second  Paper. 

"  A  Short  Collection  of  Actuarial  Tables "  and  the  Supplement  will  he 
supplied  for  use  in  answering  this  Paper. 

1.  An  insurance  company  transacting  all  classes  of  business 
has  been  ordered  to  be  wound  up.  Describe  the  procedure  from  the 
point  of  view  of  the  actuary  engaged,  dealing  with  the  following 
points  more  particularly,  namely  : 

(i)  Allocation  of  deposits. 

(ii)  Rules  under  6th  Schedule  of  the  Assurance  Companies 

Act  1909,  for  valuing  (a)  life  assurance  :  annuity 
and  policy  ;  (b)  employer's  liability  :  weekly  payment 
and  policy. 

(iii)  The  bases,  as  regards  mortality  and  interest,  which  you 

consider  suitable,  and  why  1 

(iv)  Principles  to  be  followed  in  fixing  the  amounts  entitled 

to  rank  in  respect  of  policies  which  have  (a)  become 
claims,  (b)  been  borrowed  upon,  (c)  guaranteed 
surrender  values,  (d)  guaranteed  bonuses,  (e)  premiums 
in  arrear,  (/)  extra  premiums  for  occupation,  climate, 
illhealth  or  cessation  during  incapacity. 

(v)  Practical  methods  of  obtaining  and  verifying  particulars 

of  individual  policies  and  valuing  them. 

2.  On  the  death  of  a  lady  of  73,  A  will  be  entitled  to  the  whole 
of  the  following  fund  provided  A's  father  (who  is  75  with  a  wife  of 
7  0)  has  no  further  issue  by  his  present  or  any  future  marriage,  but 
such  issue  would  share  the  fund  with  A,  namely : 

£1,300  Great  Western  Railway  5  per-cent  Rent-charge  Stock, 
£1,700  London  &  South- Western  4  per-cent  Preference  Stock,  and 
£40  per  annum  Great  Indian  Peninsula  "  B"  Annuity. 

How  much  can  be  lent  to  A  upon  the  security  of  his 
reversionary  interest  and  what  policy  should  be  effected  1 

3.  Value,  for  purchase  by  an  insurance  company,  the  absolute 
reversion  expectant  upon  the  death  of  a  male  aged  67  to  an 
appointed  sum  of  £1500  (free  of  duty)  ranking  after  £3,000  (free  of 
duty)  raisable  out  of  : 

£2,000  4  per-cent  National  War  Bonds,  1928. 
£5,000  Port  of  London  4  percent  "B"  Stock. 

What  special  legal  precautions  are  necessary  in  dealing  with 
such  sums  1 
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4.  An  army  officer,  aged  40  next  birthday,  is  entitled, 
contingently  upon  survival,  upon  the  death  (or  re-marriage)  of  his 
mother,  aged  65,  to  one-third  of  the  capital  and,  during  their 
joint  lives,  to  one-fourth  of  the  income  from 

£3,000  New  Zealand  4  per-cent  Inscribed  Stock,  1929, 
£3,500  Argentine  Goverment  4?  per-cent  Stock. 

"Would  you  advise  that  a  loan  of  £500  be  granted  to  the 
officer,  whose  life  is  assurable  at  the  ordinary  rate  for  his  profession  ? 

5.  Subject  to  the  power  of  a  widow  of  70  to  appoint  the 
income  of  the  following  fund  to  a  future  husband  if  she  re-marry,  X 
is  absolutely  entitled  upon  her  death  to  one-third  of : 

£5,000  Dominion  of   Canada  C.P.R.  3^  per-cent  Land 
Grant  Bonds, 

£4,000  Central  Argentine  Eailway  4  per-cent  Debenture 
Stock, 

£4,000  Bass  Eatcliffe  &  Gretton,  Limited,  4^  per-cent 

Debenture  Stock,  and 
£7,500  Alliance  Investment  Company,  Ltd.,   4  per-cent 

Debenture  Stock. 

What  offer  would  you  recommend  should  be  made  for  the 
purchase  of  X's  reversion  ?  What  loan  could  be  granted  if  the 
power  were  released  by  the  tenant  for  life  ? 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV.— Section  B). 

First  Paper. 

1.  Write  a  brief  essay  on  the  subject  of  insurable  interest. 

2.  Discuss  the  present  position  regarding  income  tax  abatements 
in  respect  of  life  assurance  premiums. 

3.  An  own  life  assurance  which  has  never  been  assigned  or 
charged  becomes  a  claim  through  the  death  of  the  life  assured. 
What  evidence  in  proof  of  death  and  title  will  be  required  from  the 
claimant  ?  Deal  with  the  matter  fully,  stating,  for  example,  the 
recmirements  if  the  assured  died  testate  or  intestate,  solvent  or 
insolvent. 

4.  Discuss  the  provisions  of  the  Courts  (Emergency  Powers)  Act, 
1914,  in  so  far  as  they  relate  to  policies  of  assurance.  How  are 
these  provisions  affected  bv  the  War  Emergencv  Laws  (Continuance) 
Act,  1920  ? 
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5.  Enumerate  under  headings  the  whole  of  the  essential  items 
to  be  incorporated  in  a  life  assurance  policy,  including  all  usual 
conditions.    Actual  policy  drafting  is  not  desired. 

A  life  office  issues  joint-life  partnership  assurances,  and 
states  in  its  prospectus  that  it  is  prepared  upon  receipt  of  an  appli- 
cation to  alter  the  policy  into  two  separate  assurances,  each  for  one 
half  of  the  sum  assured  under  the  joint  contract,  at  the  rates  of 
premium  appropriate  to  the  respective  ages  at  entry  of  the  lives 
assured.  Draft 

(1)  A  clause  embodying  this  offer  as  a  condition  of  the 

joint-life  contract,  and 

(2)  An  endorsement  to  be  placed  upon  the  usual  single  life 

policy  form  when  the  option  is  exercised. 

6.  A  mutual  life  office  at  its  quinquennial  valuation  in  1915, 
as  a  matter  of  war-time  precaution,  made  no  general  distribution 
of  bonus  but  announced  that  an  interim  bonus  at  the  rate  of 
£1  per-cent  of  the  sum  assured  would  be  paid  on  policies  becoming 
claims  before  the  1920  valuation  in  respect  of  each  premium  paid 
since  the  1915  valuation.  The  1920  valuation  has  just  been 
completed  on  the  same  basis  as  on  previous  occasions  and,  after 
meeting  depreciation,  the  surplus  is  only  sufficient  to  provide  a 
simple  reversionary  bonus  at  the  rate  of  15s.  per-cent. 

Draft  a  report  to  the  Directors  dealing  with  the  situation 
generally,  and  making  recommendations  as  to  the  desirability  or 
otherwise  of 

(1)  Only  partially  covering  the  depreciation, 

(2)  Varying  the  valuation  basis, 

(3)  Making  a  general  declaration  of  bonus,  and 

(4)  Declaring  an  interim  bonus  only. 


Second  Paper. 

1.  Draft  a  report  to  your  directors  setting  forth  the  reasons 
or  and  against  making  an  increase  in  the  rates  of  premium  for  new 

assurances  under  some  or  all  of  the  tables  in  the  prospectus,  and 
indicate  your  recommendation  as  to  any  action  you  may  consider 
desirable.  Assume  that  your  present  rates  are  the  same  as  those  in 
existence  before  1914. 

2.  Give  a  general  formula  which  you  would  consider  suitable 
upon  which  to  base  rates  for  immediate  annuities  at  the  present 
time.  State  clearly  what  bases  of  mortality,  interest  and  loading 
you  would  employ,  giving  reasons  for  your  selection. 
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3.  Indicate  the  method  you  would  adopt  for  the  calculation  of 
the  annual  premium  for  an  endowment  assurance  policy  under 
which  the  benefit  is  to  take  the  form  of  the  transfer  of  a  4  per-cent 
Victory  Bond  for  £100  to  the  policyholder  upon  the  happening  of  the 
first  of  the  following  events,  namely  (1)  the  expiration  of  the  original 
term  of  the  policy,  (2)  the  drawing  of  the  Bond  for  repayment  by 
the  Government  and  (3)  the  death  of  the  assured. 

4  per-cent  Victory  Bonds  were  issued  at  85  per-cent  and  an 
annual  charge  of  4j  per-cent  of  the  original  nominal  amount  was 
set  aside  for  service  of  the  loan.  Assume  that  the  premium  calcu- 
lation is  made  at  the  date  of  issue  of  the  Loan. 

4.  Give  in  schedule  form  the  details  you  would  submit  to  the 
Inland  Eevenue  Authorities  in  putting  forward  a  claim  for  refund 
of  Income  Tax  on  expenses  of  management. 

Assume  that  you  are  acting  for  a  life  office  where  the  gross 
interest  is  considerably  in  excess  of  the  profits. 

5.  Extra  premiums  for  occupation  and  foreign  residence  may 
be  payable  : 

(1)  For  a  term  certain  agreed  when  the  policy  is  issued, 

(2)  For  the  period  in  which  the  assured  remains  in  the 

hazardous  occupation  or  in  the  unhealthy  area,  or 

(3)  For  the  whole  duration  of  the  policy. 

What  are  the  arguments  for  and  against  each  of  these 
methods  of  charging  extra  premiums  ?  Which  method  do  you 
prefer  ?  Do  you  consider  it  advisable  to  offer  alternatives  in  the 
case  of  an  individual  proposal  ? 

6.  It  has  been  customary  for  extra  premiums  to  be  charged  in 
respect  of  persons  engaged  in  the  trade  in  intoxicating  liquors. 
What  statistical  warrant  has  there  been  for  this  practice  ?  Do 
you  consider  that  all  classes  of  persons  connected  with  the  trade 
should  be  charged  the  same  rate  of  extra  premium  ?  If  not,  dis- 
tinguish between  the  classes  and  suggest  appropriate  rates  of  extra 
premium. 

Some  offices  accept  such  lives  under  double  endowment 
assurances  without  charging  extra  premiums.  Do  you  consider 
that  this  practice  is  justified  ? 


Examination  for  Admission  to  the  Ciass  of  Fellow 
(Part  IV. — Section  C). 

First  Paper. 

1.  An  old-established  railway  sick  and  insurance  fund  society 
grants  the  following  benefits  subject  to  weekly  contributions 
varying  according  to  age  at  entry  : 
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Sickness  Allowances : — Oft' period  12  months. 
Full-pay  for  the  first  26  weeks. 
Half -pay  for  the  second  26  weeks. 
Quarter-pay  for  the  second  52  weeks. 

Insurance  Benefits : 

Lump  sum  on  death  of  member. 

,,  member's  wife  in  husband's 

lifetime. 

No  benefits  are  payable  until  26  weeks'  contributions  have 
been  paid. 

On  sick  quarter  pay  being  exhausted  a  member  may  continue 
his  membership  for  funeral  benefits  subject  to  the  payment  of  a 
reduced  contribution. 

A  further  rule  of  the  society  states  that  when  a  member 
retires  from  the  service  of  the  railway  company  he  may  continue  as 
an  "Out"  member,  but  the  sickness  benefits  are  reduced  by  10 
per-cent, 

A  quinquennial  valuation  is  due,  and  you  are  asked  to  take 
out  the  experience  of  the  society  and  to  make  the  valuation. 

State  precisely  the  principles  upon  which  you  would  proceed. 

2.  A  large  industrial  concern  desires  to  establish  a  pension 
fund  for  its  employees  on  the  following  basis  : 

Pensions. — On  retirement  on  or  after  the  attainment  of  age 
60  a  pension  of  ll  per-cent  of  the  total  salary  or  wages  on  which 
the  employee  has  paid  (or  is  deemed  to  have  paid)  contributions 
to  the  fund. 

Incapacity. — Subject  to  10  years'  service  and  to  attainment 
of  age  30  on  retirement  in  consequence  of  total  incapacity  for  work 
a  reduced  rate  of  pension  increasing  from  50  per-cent  of  the  ordinary 
pension  as  calculated  on  the  above  basis  at  age  30  to  97  per-cent 
of  the  ordinary  pension  at  age  59. 

On  death  in  the  service  or  withdrawal  before  retirement. — Return 
of  employee's  actual  contributions  with  2h  per-cent  compound 
interest. 

On  death  after  retirement. — Return  of  excess  amount  (if  any) 
of  employee's  actual  contributions  accumulated  at  2^  per-cent 
compound  interest  over  actual  pension  payments  made. 

Employee's  Contributions. — -A  varying  rate  of  contribution 
according  to  age  at  entry  into  service  increasing  from  2^  per-cent 
at  age  16  to  5|  per-cent  at  age  50  of  salary  or  wages. 

In  respect  of  employees  in  receipt  of  salary  or  wages  in 
excess  of  £250  per  annum  in  addition  to  the  ordinary  contribution 
on  the  whole  salary  a  further  contribution  as  follows  : 
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In  respect  of  the  first     £50  of  excess,  i  per-cent  per  aim. 
„         ,,     second  .£50       ,,       1      „  ,, 

,,     third    £60        ,,        lj     ,,  ,,     and  so  on. 

Company's  Contributions. — The  company  to  contribute  in  each 
year  a  sum  equal  to  the  total  amount  contributed  by  the  employees. 

At  the  outset  the  company  is  prepared  to  make  a  donation 
to  the  fund  sufficient  to  provide  pensions  to  the  existing  employees 
on  the  basis  that  the  employees  of  the  company  shall  have  been 
deemed  to  have  contributed  to  the  fund  for  the  whole  period  of 
their  past  service. 

You  are  consulted  by  the  company  to  ascertain  the  amount 
of  the  donation. 

State  in  detail  on  what  lines  you  would  proceed  and  how 
you  would  evaluate  the  benefits  and  contributions. 

.'3.  Describe  the  basis  of  reserve  values  under  the  Xational 
Insurance  Acts  as  regards  sickness,  mortality,  &c. 

In  what  manner  does  the  basis  of  transfer  values  differ  from 
that  of  the  reserve  values,  and  what  were  the  reasons  for  the 
alterations  ? 

Second  Paper. 

1.  What  alterations  were  made  in  the  questions  in  the 
Householder's  Schedule  for  the  1921  Census  as  compared  with  that 
used  for  the  1911  Census? 

Criticize  these  alterations. 

State  briefly  your  views  in  regard  to  the  classification  of  the 
Imputation  according  to  [a)  occupation  and  (b)  industry. 

2.  At  the  desire  of  their  members  the  executive  of  a  large 
friendly  society  order  consults  you  with  regard  to  the  establishment 
of  a  centralized  widows'  and  orphans'  fund  upon  a  voluntary  basis. 

The  benefits  proposed  are  as  follows  : 

(</)  Maintenance  grant  to  the  widow  of  a  contributing 
member  with  a  child  under  14  years  of  age  of  bs.  per 
week. 

(b)  Maintenance  grant  of  the  same  amount  for  each  child 

under  14.  Three  children  to  be  the  maximum 
number  receiving  grants  at  any  one  time. 

(c)  Cash  payment  of  £20  to  a  childless  widow  or  a  widow 

with  no  children  under  14. 

The  maintenance  grants  to  the  widows  are  payable  until  the 
last  surviving  child  attains  age  14  or  until  earlier  death  or  marriage 
of  the  widow. 
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The  maintenance  grants  to  the  children  cease  on  the 
attainment  of  age  14  or  at  previous  death.  In  the  latter  event  the 
grant  may  be  transferred  to  any  other  child  under  14  in  respect  of 
whom  a  grant  is  not  already  being  paid,  provided  the  maximum 
family  grant  is  not  exceeded. 

What  are  the  essential  points  to  be  considered  and  upon 
what  basis  would  you  calculate  the  necessary  weekly  contributions'? 

What  information  would  you  recommend  be  obtained  in  the 
proposal  form  for  membership  1 

3.  What  do  you  know  of  the  various  investigations  which  have 
been  made  into  the  fertility  of  married  persons  in  Great  Britain  1 

Criticize  the  statistics  which  were  obtained  in  this  connection 
at  the  1  y  L 1  Census. 

4.  Calculate  the  mean  age,  median  age  and  standard  deviation 
in  terms  of  year  of  age  for  the  following  data  : 


Age 

No.  of  Cases 

Age 

No.  of  Cases 

5- 

20 

40- 

60 

10- 

300 

4:>- 

35 

15- 

860 

50- 

20 

20- 

435 

55- 

10 

2n- 

230 

60- 

7 

30- 

150 

65- 

3 

35- 

70 

Total 

2,200 

Give  the  probable  error  of  the  mean  and  state  generally  the 
limitations  of  the  expression  you  use  giving  a  general  explanation  of 
those  limitations. 


PROCEEDINGS  OF  THE  INSTITUTE. — Session  1920-1921. 


First  Ordinary  Meeting,  29  November  1920. 
The  President  (Sir  Alfred  Watson,  K.C.B.)  in  the  Chair. 
The  President  delivered  an  Inaugural  Address. 


Second  Ordinary  Meeting,  17  January  1921. 
Sir  Joseph  Buen,  K.B  E.  (Vice-President),  in  the  Chair. 

Messrs.  James  Davie,  F.F.A.,  John  Jamieson,  F.F.A.,  Alexander 
Bertram  Johnston,  F.FA.,  Iloht-rt  McDoiiirall,  F.F.A.,  (ieorge  Wilson 
Melville,  F.F.A.,  and  John  Muirhead  Koss,  F.F.A.,  were  elected  A>-sociates 
of  the  Institute. 


1921.]    Annual  General  Meeting. — Report  of  the  Council.  558 


A  paper  entitled  :i  On  a  Short  Method  of  Constructing  Select  Mortality 
Tables  "  was  submitted  b}T  the  Author,  Mr.  George  King. 

The  following;  gentlemen  took  part  in  the  discussion  : — Messrs.  0.  W. 
Keuchington,  A.  Henry,  W.  P.  Elderton,  and  the  Chairman. 

Third  Ordinary  Meeting,  14  February  1921. 
The  President  (Sir  Alfeed  Watson,  K.C.B.)  in  the  Chair. 

Mr.  George  Steel  Campbell.  F.F.A..  was  elected  an  Associate  of  the 
Institute. 

A  paper  entitled  "  The  Census  of  li>21.  Some  remarks  on  Tabulation  " 
was  submitted  by  the  Author.  Mr.  F.  A.  A.  Menzler,  B.Sc. 

The  following  gentlemen  took  part  in  the  discussion  : — Messrs.  S.  J. 
Gunningham,  E.  H.  Brown,  S.  P.  Vivian  fa  visitor).  W.  P.  Elderton. 
H.  H.  Wolfenden.  and  the  President. 


Fourth  Ordinary  Meeting,  21  March  1921. 

The  President  (Sir  Alfeed  Watson,  K.C.B.)  in  the  Chair. 

A  paper  entitled  "  Superannuation  Funds.  Notes  on  some  post-war 
problems,  together  with  an  account  of  a  Pensioners'  Mortality  Experience 
(Civil  Service  Pensioners,  1904-1914)  "  was  submitted  by  the  Author. 
Mr.  G.  S.  W.  Epps,  B.A. 

The  following  gentlemen  took  part  in  the  discussion: — Messrs.  K.  G. 
Maudlin^,  D.  C.  Fraser,  J.  Bacon,  A.  S.  Holness,  S.  G.  Warner, 
L.  E.  Clinton,  and  the  President. 

Fifth  Ordinary  .Meeting,  25  April  1921. 
The  President  (Sir  Alfeed  Watsox.  K.C.B.)  in  the  Chair. 

Mr.  Albert  Gibson  Barron,  F.F.A.,  was  elected  an  Associate  of  the 
Institute. 

A  paper  entitled  "  Modern  developments  in  the  methods  of  Industrial 
Assurance  Valuations",  was  submitted  b}T  the  Author.  Mr.C.  W.Kenchington. 

The  following  gentlemen  took  part  in  the  discussion  : — Sir  Joseph  Burn. 
Messrs.  R.  Levey,  C.  F.  Peters.  A.  Henry.  H.  H.  Austin.  H.  L. 
Trachtenberg,  S.  G.  Warner,  and  the  President. 

The  Seventy -fourth  Annual  General  Meeting,  6  June  1921. 
The  President  (Sir  Alfeed  Watsox,  K.C.B.)  in  the  Chair. 

The  proceedings  at  the  Annual  General  Meeting  will  be  found  on 
page  o61. 

REPORT,  1920-1921. 

The  Council  have  the  pleasure  to  report  to  the  Members  upon  the 
work  of  the  Institute  during  the  Session  of  1920-1921,  the  seventy-third 
year  of  its  existence. 

There  has  been  an  increase  of  23  in  the  total  number  of  members,  as 
compared  with  the  previous  year.  At  the  end  of  the  official  year  in 
which  the  Institute  was  incorporated  by  Royal  Charter  the  number  of 
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Members  was  434 ;  twenty-five  years  later,  at  31  March  1910,  it  was  963. 
Since  that  time  the  numbers  have  been  as  follows: 


On 
31  March 

Fellows 

Associates 

Students 

Corresponding 
Members 

Total 

1911 

267 

339 



308 



20 



934 

1912 

278 

354 

268 

20 

920 

1913 

282 

355 

252 

19 

908 

1914 

Oft" 

358 

238 

19 

910 

1915 

304 

361 

263 

17 

945 

1916 

308 

345 

247 

17 

917 

1917 

303 

344 

231 

18 

896 

1918 

295 

332 

215 

18 

860 

1919 

288 

330 

205 

18 

841 

1920 

305 

345 

197 

18 

865 

1921 

324 

345 

201 

18 

888 

The  following  schedule  shows  the  additions  to,  and  the  changes  and 
losses  in  the  membership  which  have  occurred  during  the  year  ending 
31  March  last  : 

Schedule  of  Membership,  31  March  1921. 


'  Fellows 

Associates 

Students 

Corres- 
ponding 
Members 

Total 

i.  Number    of  Members 

in    each    class  on 
31  March  1920 

ii.  Withdrawals  by 

(1)  Death 

(2)  Resignation  or 

otherwise  . 

305 
6 
3 

345 
3 
4 

197 
2 
16 

18 

...) 

865 
34 

in.  Additions  to  Membership 

(1)  By  Election  . 

(2)  By  Examination  . 

(3)  By  Re-instatement 

296 

338 
7 
1 

179 

46 
3 

18 

:::] 

831 
57 

iv.  Transfers 

(1)  By  Examination: 
from  Associates 
to  Fellows 

296 
27 

346 
27 

228 

18 

888 

(2)  By  Examination  : 
from  Students 
to  Fellows 

323 
1 

319 

228 
1 

18 

888 

(3)  By  Examination: 
from  Students 
to  Associates  . 

324 

319 
26 

227 
26 

18 

888 

v.  Number   of  Members 
ill    each    class  on 
31  March  1921 

324 

345 

201 

GO 

888 

gr.  I 

1920. 

£  s.  d.  Amount  of  Fundi  ^ 
General  Funf 
tli  an  Jar 
Messenger  Ij 
Brown  Pri/4 
G.  F.  Hardy 


8.242  10 

460  6 

8 

395  10 

2 

9*7  12 

10 

10,086  0 

3 

947  2 

0 

0 

444  14 

V 

U 

2,051  14 

0 

u 

2,062  4 

0 

'  10  10 

0 

44  12 

6 

84  0 

0 

139  2 

6 

206  7 

1 

290  10 

2 

16  15 

2 

14  8 

0 

53  14 

6 

375  7 

10 

274 


ases,  &c. 

Subscriptions —  Itting  Bookcases 
Fellows 
Associates. 
Students  . 

Probationer^  Candidates  (1920) 

Four  AnnuaL  j  aH(^  jj 
Entrance  Fees — o:n  Students 

Associates 

Students  . 

Probationers-ies  . 

?e  Expenses 
Balance  of  Publipnd  other  Insurance 
Dividends  and  \\iiture  and  Fitting* 

General  Fuiionery  and  Printing 


M  essenger 
Brown  PrisJries 
G.  F.  Hardy 


ikge  and  Telegra 


Statistics  .... 
Patriotic  Fund  Corporation 


han are  Securities- 


find  of  the  year  as  per  Balance 


(Tr. 


1921. 


480 

16 

2 

-13 

2 

6 

523 

18 

8 

2-17 

0 

2 

53 

16 

8 

761 

19 

11 

356 

9 

6 

o 
4t 

u 

521 

37 

0 

600 

0 

0 

669 

7 

5 

Q 
O 

*> 

42 

4 

10 

194 

0 

3 

59 

4 

2 

15 

17 

8 

out  of  pocket 


1,006    7  10 
81  16  0 

beet 


£12,869    1  8 


and  found  correct,  4  May  1921 
STANLEY  HAZELL,  1 


276  18  6 


53  16  8 
66  13  2 


405  10  5 


185    5  0 


1.676  17 
19  6 


26  19  6 


1,088  3  10 
8.986    0  2 


).  m.  garment, 
Llex.  s.  sellap, 


A  ud itors. 


£12.785  11  4 


£    s.  d. 
249    6    4  Stock  (excluding? 
on  fo     f\  r<~<.*  ~f  Tf0^.;»A) 


[)  at  the  end  of  the  year 


£     s.  d. 
376  13  3 
70    3  7 


Revenue  Account  for  the  year  ending  31  March  1921. 


460  6 

^sseniri'r  Legacy^  I' und  .... 

V 

''is"  /'■' 
'.  ' 

10 

F  Hardy  Memorial  Fund 

10.086 

. 

947  2 

Q 

l-'c 

727  13 

Al 

sociates.' 

Q 

St 

idents   

154  7 

0 

Pi 

obationcrs  ...... 

:>,o:>i  14 

~~~o 

10  10 

0 

Fo 

ir  Annual  SiiVislm  ijit  ions  Compounded  foi 

0  Kut 

1" 

~e  l'ees— 

iO  iO 

As 

sociates   

«4  ^0 

Pi 

b  tionei-s                  .       .       .  . 

— 

206  7 

;  iini 

ils  ami  Interest  - 

290  10 

16  15 

2 

M 

14  8 

Id 

53  14 

a. 

F.  Hardy  Memorial  Fund  . 

375  7 

10 

9.933    4  4 


95S  13  0 

700    7  0 

204    4  6 

ii2  k;  ii 

2,006    0  6 

77  14  0 


14  14  0 
G2  9  6 
43  11  G 


£12,785  11  4 


43  18 
93  15 

/.;;  ii 

49  10 
698  1 
295  1 
■)«:<  n 
750  3 
59 1  3 


r,nl  i; 

100  13  .? 

33  17  10 

10  17  4 


H'.\N1.E\  HAZEL 
1).  M.  CARMBNT, 
ALKX.  S.  SELLA! 


Publications  Account  for  the  year  ending  31  March  1021. 


ig  Journal)  at  tin-  beginning  of  the  year 
of  Reprint  of-'  Short  Collection  of  Actuarial  Tables" 


(if  Supplement  i 


of  Actuarial  Tallies  ' 


46  0  0 
75  12  10 
180  12  0 


422    1    2  Sales  (excluding  Journal)  

144  12    0  Sun  k  (excluding  Journal)  at  tlie  end  of  tiie  year  . 


linn!  anil  found  correct,  4  May  1921. 
STANLEY  HAZELL,  ) 


£566  13  2 


Balance  Sheet,  31  March  1021. 


LIABILITIES. 


17    0  General  Fund 


Accumulated  Dividends 
Less  Payment  to  Tutors 

Brown  Prize  Fund 
Accumulated  Dividends 

Less  Payment  to  Tutors 

G.  F.  Hardy  Memorial  Fund 
Accumulated  Dividends 

Less  Loss  on   Sale  of  War 
Loan  Stock       .  -t 
Payment  to  Tutors 


233  9  2 
267  9  6 
500  18  8 
23  16  10 


86  8  0 

35  4  2 

8  8  0 

£10,063  4  6 


Reserve  for  Income  Tax 
Sundry  unpaid  Accounts 
Examination  Fees,  1921 


£     s    d  ASSETS. 

Z  o        J!v«,vw(/;V*,;,«'  tuscr.t.cdm^seoci-  . 

357  15    0  £600  Belgian  Government  3  j.er-cent  Sterling  Loan  of  1914  . 
iji75    0    0  £4.500  5  per-cenl  »  or  Nlnclc,  l.)29-4<  .  . 
400   0   0  £400  National  War  Bonds,  4  per-cmt,  1927      ■      ■  ■ 
£2,575.  S».  Registered  5  per-cent  National  \\  ar  Bonds,  1922 
£5.000  3  Months'  Treasury  Bill 

144  12    0  Stock  of  Publications  (excluding  Journal)  in  1  il 

623  10    6  Cash  on  Current  Account  and  in  hand  

57  15    0  Subscriptions  in  Arr 


903 


I)  £95 
£85 


SI  , 


Examined  and  found  correct,  4  May  1921. 
STANLEY  HAZELL,  ) 
D.  M.  CAHMENT,  VAudtton. 
ALEX.  S.  SELLA.lt,  ; 
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There  are  also  224  candidates  admitted  as  Probationers,  and  110  as 
.Students  conditionally  on  their  passing  Part  I  of  the  Examination.  These 
are  not  included  in  the  above  Schedule  of  Membership.  The  numbers  in 
these  two  classes  at  31  March  1915  was  18S  and  72.  Since  that  date  the 
numbers  have  been  as  follows  : 


On  31  Mai  .  Ii 

Probationers 

Conditional 
Students 

On  31  March 

Probationers 

Conditional 
Students 

1916 

172 

73 

1919 

169 



73 

1917 

17^ 

1920 

230 

79 

1918 

156 

70 

1921 

224 

110 

The  Council  have,  with  great  regret,  to  report  the  loss  by  death,  since  the 
Lis!  Annual  Meeting1,  of  seven  Fellows,  Messrs.  L.  G.  Atkins.  M.  Besso. 
W.  P.  Clirehugh,  \V.  G.  Cooper,  W.  O.  Nash,  Dr.  T.  B.  Sprague,  and 
EL  W.  Townley;  three  Associates.  Messrs.  J.  A.  Greig.  Andrew  hobinson. 
ami  E.  Eyley  ;  and  two  Students,  Messrs.  F.  M.  Bowles  and  H.  E.  Yineberg. 

A  Memoir  of  Dr.  T.  B.  Sprague,  by  Mr.  George  King,  setting  out  his 
great  services  to  the  Institute  and  to  the  profession  eenei ally,  appeared  in 
the  last  issue  of  the  Journal.  Mr.  E.  W.  Townley.  though  one  of  the 
youngest  Fellows,  served  the  Institute  well  both  as  a  member  of  the  Board 
of  Examiners  and  recently  as  a  member  of  the  Council.  Mr.  W.  O.  Nash 
had  also  served  on  the  Council,  and  as  an  Examiner. 

The  Annual  Subscriptions  and  the  Entrance  Fees  appearing  in  the 
Revenue  Account  amounted  to  £2.204.  9s.  6cL.  as  compared  with 
£2,201.  6s.  6d.  in  the  previous  year.  The  Income  and  Expenditure  for  the 
year  were  £2,852.  7s.  Od.  and  £2.711.  7s.  id.  respectively. 

After  careful  consideration  the  Railway  and  other  Stocks  were  sold  at 
the  beginning  of  the  financial  year,  and  the  proceeds  reinvested  in  short- 
dated  securities.  The  loss  involved  amounted  to  £1,088.  3*.  10d..  as  shown 
in  the  Revenue  Account.  The  £5,000  Treasury  Bill  appearing  in  the 
present  Balance  Sheet  has  been  discounted  since  the  31  March  last  and 
invested  in  3  per-cent  Local  Loans  and  4  per-cent  Funding  Loan. 

The  Examinations  were  held  in  June  and  December  last  year  with  the 
following  results  :  * 


Part 

Entered 

gat 

Passtd 

I,  Sec.  A 

216 

195 

58 

I,  Sec.  B 

193 

163 

57 

II  

74 

68 

29 

Ill,  Sec.  A  .... 

70 

68 

24 

Ill,  Sec.  K 

50 

47 

27 

IV,  Sec.  A 

42 

39 

29 

IV,  Sec.  C 

1 

1 

1 

'  For  the  names  of  the  successful  Candidates  see  pp.  228  and  557. 


Notice  has  been  given  that  the  Examinations  following  those  to  be  held 
next  month  will  take  place  in  April  1922,  and  thereafter  annually. 

The  question  of  a  revised  Syllabus  is  now  receiving  the  consideration  of 
the  Council. 

A  Supplement  to  the  Short  Collection  of  Actuarial  Tables  has  been 
published  during  the  year.  The  Supplement  was  prepared  mainly  for  use 
in  connection  with  the  Examinations,  but  it  is  believed  that  the  contents 
will  be  found  of  general  utility  to  the  profession. 

The  Council  regret  to  report  that  Mr.  W.  C.  Sharman  has  been  obliged 
to  relinquish  his  valuable  contribution  of  Legal  Xotes  to  the  Journal.  The 
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Council  have  arranged  with  Mr.  R.  A.  Bateman,  Barrister-at-Law,  to 
contribute  similar  Legal  Notes  for  the  current  year. 

The.  Council  have  had  under  consideration  for  some  time  the  question  of 
a  new  Text-Book,  Part  II.  The  existing  volume  was  first  published  in  1887 
and  revised  in  1902  and  the  actuarial  profession,  throughout  the  world,  is 
deeply  indebted  to  its  Author,  Mr.  George  King,  for  a  work  which  has  been 
invaluable  in  the  training  of  the  actuary.  Educational  conditions  have, 
however,  changed  and  the  Council  concur  in  the  view  that  a  re-arrangement 
of  the  Text-Buok  is  necessary  in  order  that  students  entering  upon  their 
actuarial  studies  may  take  full  advantage  of  their  previous  training.  It  has 
been  decided  that  the  new  'Jext-Book  shall  be  in  two  volumes,  one  relating 
to  the  mathematical  basis  of  actuarial  science  and  the  other  to  the  theory  of 
life  contingencies.  The  preparation  of  these  volumes  has  been  entrusted 
respectively  to  Mr.  A.  Henry  and  Mr.  E.  F.  Spurgeon. 

The  Council  have  also  to  report  that  preliminary  arrangements  are 
being  considered  with  a  view  to  a  fresh  investigation  into  the  mortality  of 
Life  Annuitants. 

The  stock  in  hand  of  the  Institute  publications  on  31  March  was  as 
follows  : 

Description  of  Work 
Parts  of  Journal. 
Index  to  Vols.  1  to  40. 
Text-Book,  Part  1  (Revised  Edition). 
Text-Book,  Part  11  (Second  Edition). 
Government  Joint- Lite  Annuity  Tables. 
Select  Life  Tables. 

A  Short  Collection  of  Actuarial  Tables  (New 

Edition ). 
Supplement  to  the  above. 
Frequency-Curves   and   Correlation,  with 
Addendum  and  Errata  (W.  I*.  Elderfcon). 
^  (  Lectures  on  Finance  and  Law  (Clare  and 

)  •        •      (      Wood  Hill). 

Lectures  on  the  Companies  Acts 

Clauson). 
Lectures  on  the  Law  of  Mortgag 

Hayter). 
Lectures  on  the 
and  Series  (A. 


No.  of  Copies 
30,496 
715 
1,148 
140 
627 
724 
191 

475 
610 

36  in  cloth 
2,270  in  papei 
1,514 


1,157 

666 
1,269 

735 

455 
1,451 

309 

203 
48 

606 
607 

127 

765 

179 

10  May  1921. 


(A 
(W.  ( 


C. 


Measurement  of  Groups 
L.  Bow  ley). 
Lectures  on  the  Construe!  ion  of  Tables  of 
Mortality,  &c.  (Sir  G.  F.  Hardy,  K.C.B.). 
Lectures  on  Stock  Exchange  Investments 

(Sir  J.  Hum,  K.B.E.). 
Messenger  Prize  Essay  on  Friendly  Societies 

(Sir  G.  F.  Hardy,  K.C.B.). 
Lectures    on    Friendly    S  ciety  Finance 

(Sir  A.  W.  Watson,  K.C.B.). 
South  African  War  Mortality  (F.  Schooling 

and  E.  A.  Pusher). 
Life  Assurance  Law  (A.  R.  Harrand). 
Newton's    Interpolation  Formula?  (I).  C. 
Eraser). 

British  Ollices'  Valuation  Tables. 

British  OiHees'  2f  pei-eent  Temporary 
Annuity  Values. 

Transactions  of  the  Second  International 
Congress  of  Actuaries. 

Index  to  Transactions  of  Seven  Inter- 
national Actuarial  Congresses. 

Pamphlet  of  Examination  Questions. 
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EXAMINATIONS.  DECEMBER  1920. 

Examinations  were  held  on  the  13th,  14th  and  loth  December  1920,  at 
London,  Liverpool,  Birmingham,  Cardiff,  Norwich,  Edinburgh,  Dublin. 
Melbourne,  Sydney,  Wellington,  Montreal,  Toronto,  Ottawa.  Winnipeg, 
Bombay,  and  Calcutta,  with  the  following  results: 


Part  I.— Section  A. 

One  hundred  and  five  candidates  sent  in  their  names,  of  whom 
ninety-four  presented  themselves,  and  forty-two  passed,  namely : 


Ascott,  G.  R. 

Hawes,  A.  P.  M. 

Pollock,  W. 

Bain,  A.  W. 

Hickox,  W.  E.  H. 

Powell,  H.  R, 

Blacknell,  E.  H. 

Jennings,  G. 

Ratcliff,  E.  W.  N. 

Briscoe,  H.  J. 

Kingham,  C.  E. 

Scott,  A.  XV. 

Brown,  F.  S. 

Lancashire,  J.  K. 

Smyth,  H.  G. 

Callum,  J.  A. 

Lane,  H.  A. 

Tate,  J. 

Cope,  H.  J.  B. 

Lavery,  R.  W. 

Tulloch,  Miss  M.  M.  K 

Cullinan,  C.  B. 

Legge,  Miss  P.  C. 

Tyler,  A.  T. 

Cunningham,  P.  G. 

Lockwood,  B. 

Usher  wood,  K.  A. 

Elrick,  W. 

Matthews,  H. 

van  Nickerk,  J. 

Fagg,  R,  J. 

Melville,  C.  A. 

Whitwell,  T. 

Flew,  G.  H. 

Melville,  L.  G. 

Wright,  J.  I.  W. 

Gardner,  W.  F. 

Mitchell,  H.  H. 

Geddes,  G.  W. 

Mogg,  H.  B. 

Guest,  C.  F. 

Plant.  N. 

Paet  I. — Section  B. 


Eight}T-eight  candidates  sent  in  their  names, 
presented  themselves,  and  thirty  passed,  namely: 


of  wh 


seventy-five 


Allen,  P.  A. 
Briscoe,  H.  J. 
Cullinan,  C.  B. 
Davis,  C.  M. 
Fenner,  H.  A. 
Flew,  G.  H. 
Gardner,  0.  G. 
Gill,  D.  H. 
Gregory,  Miss  G.  C. 
Hawes,  A.  P.  M. 
Hickox,  W.  E.  H. 


Hornsby,  S.  J. 
Jennings,  E.  E. 
Kemp,  W.  B. 
King,  G.  C.  H. 
Kitton,  J.  H. 
Maggs,  C.  G. 
Melville,  C.  A. 
Melville,  L.  G. 
Mitchell,  H.  H. 
Pal,  A.  T. 
Paul.  H.  C. 


Pearson,  A.  M. 
Powell,  H.  R. 
Subramonyam.  A.  V. 
Tyler,  A.  T. 
Usherwood,  K.  A. 
Williamson,  XV.  H.  R. 
Willows,  C.  E. 
Yetton,  J.  L. 
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Thirty-eight  candidates  sent  in  their  names,  of  whom  thirty-six 
presented  themselves,  and  ten  passed,  namely  : 


Cale,  C.  E. 
Clough,  W.  H. 
Davis,  C.  M. 
Davis.  Miss  D.  B. 


Grimshaw,  W.  E. 
Marrel!,  II. 
Perks,  W. 


Scott,  Miss  H.  M. 
Walker,  E.  B. 
Williams,  G.  T. 


Part  III.— Section  A. 


Thirty-four  candidates  sent  in  their  names,  of 
presented  themselves,  and  fourteen  passed,  nameljr : 


horn  thirtv-twi 


Andras,  J.  B. 
Freeman,  H. 
Hocking,  W.  S. 
Holgate,  B. 
Johnston,  W.  N. 


Marriott,  A. 
O'Brien,  H. 
Reynolds,  P.  C. 
Schwehr,  W.  E.  P. 
Shrewsburv.  A.  H. 


Spurgeon,  C.  B. 
Walker,  J.  R. 
Waller,  F.  W. 
Woodrow,  G. 


Part  III. — Section  B. 

Twenty-six  candidates  sent  in  their  names, 
presented  themselves,  and  fourteen  passed,  n  ninety 


(Joleman,  H.  D. 
Goodfellow,  P. 
Hooker,  P.  F. 
Innes,  F.  F. 
Milnes.  H.  L. 


Morton,  F.  W. 
Perryman,  F.  S. 
Priestman,  B. 
Rowell,  A.  H. 
Thomas,  J.  H. 


if  wh 


twenty- four 


Thorpe,  A.  H. 
Warren,  C.  F. 
Welsh,  W. 
Woodrow,  G. 


Part  IV. — Section  A. 

Eighteen  candidates  sent  in  their  names,  of  whom  sixteen  presented 
themselves,  and  eleven  passed,  namely  : 


tAtkins,  F.  C. 
fBaker,  S.  H. 
fBrown,  S.  P. 


Knowles,  M.B. 
f  Johnson,  A.  N. 
fJones,  R.  McNair 
f  Preston,  J.  E. 


f  Ruddle,  F. 
fStockman,  G.  D. 
fWickens,  C.  H. 


Those  marked  (f)  have  now  completed  the  Examination  for  the  Class  of  fellow. 


24  February  1921. 


By  Order  of  the  Council, 

0.  R,  Y.  COUTTS, 

Chairman  of  Board  of  Examiners. 

H.  M.  TROUNCER, 
A.  C.  THORNE, 

Joint  Honorary  Secretaries. 
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EXAMINATIONS,  JUNE  1921. 

Examinations  were  held  on  the  20th,  21st  and  22nd  June  1921,  at 
London,  Liverpool,  Birmingham,  Cardiff,  Norwich,  Edinburgh,  Dublin, 
Melbourne,  Sydney,  Wellington,  Montreal,  Toronto,  Ottawa,  Winnipeg, 
Bombay,  Calcutta,  Singapore,  and  Shanghai,  with  the  following  results  : 


Part  I. — Section  A. 

One  hundred  and  two  candidates  sent  in  their  names,  of  whom 
ninety-five  presented  themselves,  and  twenty  passed,  namely  : 


Aiyangar,  M.  N 
East,  G.  W. 
Eedle,  A.  J . 
Gardner,  C.  0. 
Grealy,  L.  J . 
Gupta,  It. 
1  [aslehurst,  G. 


Joshi,  K.  Y. 
Kitton,  J.  H. 
Lynch,  L. 
Madhava,  K.  B. 
Patterson,  J.  11. 
Pearson,  A.  M. 
Pradhan,  G.  N. 


Puckridge,  C.  E. 
Eead,  E.  K. 
Subramon3Tam,  A. 
Turnbull,  J. 
Turner,  G.  0. 
Wenborn,  N.  S. 


Part  I. — Section  B. 

Ninety-three  candidates  sent  in  their  names,  of  whom  eighty-one 
presented  themselves,  and  twenty-seven  passed,  namely  : 


Ascott,  G.  R. 
Bain,  A.  W, 
Brown,  F.  S. 
Cooper,  F.  R. 
Cope,  H.  J.  B. 
Daubney,  T. 
East,  G.  W. 
Eedle,  A.  J. 
Gardiner,  W.  II. 


Goodfellow,  F. 
Holmes,  G.  L. 
Honey,  F.  J.  C. 
Horsely,  N.  A. 
Isaac,  L.  F. 
Joshi,  K.  Y. 
Kempe,  F.  E. 
Lane,  H.  A. 
Laverv,  R.  W. 


Madhava,  K.  B. 
Matthews,  H. 
Mogg,  H.  B. 
Plant,  N. 
Ratcliff,  E.  W.  N. 
Smyth,  H.  0. 
Strachan,  W.  B. 
Tate,  J. 
Whitwell,  T. 


Part  II. 

Fifty-three  candidates  sent  in  their  names,  of  whom  fifty-two 
presented  themselves,  and  twenty-four  passed,  namely  : 


Balmford.  W.  C. 
Care,  H.  C. 
Culliman,  C.  B. 
Cutler,  D.  G.  S. 
Dodwell,Miss  M.  E. 
Bowsett,  R.  E. 
Gardner,  W.  F. 
Gregory,  Miss  G.  C. 


Guest,  C.  F. 
Haynes,  T.  W. 
Hornsby,  S.  J. 
Jones,  H.  G. 
Keady,  P.  J. 
Mitchell,  II  .  H. 
Parker,  R.  O. 
Patterson,  J.  R. 


Polden,  L.  S. 
Rowan,  H.  R. 
Scott,  A.  W. 
Smyth,  H.  G. 
Taylor,  J.  A.  G. 
Usher  wood,  K.  A. 
Vaidyanathan,  L.  S. 
Whitwell,  T. 
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Part  III. — Section  A. 

Forty  candidates  sent  in  their  names,  all  of  whom  presented  themselves, 
and  sixteen  passed,  namely  : 


Brown,  E.  A.  L. 
Clough,  W.  H. 
Cope,  A. 
Davis,  C.  M. 
Forster  W.  A. 
Gostelow,  C. 


Hooker,  P.  F. 
Morton,  F.  W. 
Murrell,  R. 
Perks,  W. 
Perryman,  F.  S. 
Priestman,  B. 


Robinson,  A. 
Scott,  Miss  H.  M. 
Taylor,  F.  G. 
Walker,  R.  B. 


Part  III. — Section  B. 
Twenty -nine  candidates  sent  in  their  names,  of  whom  twenty -eight 
presented  themselves,  and  fifteen  passed,  namely  : 


Andras,  J.  B. 
Oale,  C.  E. 
Davie,  J. 
Davis,  0.  M. 
Davis,  Miss  D.  B. 


Garland,  W.  E. 
Loehhead,  R.  K. 
Millward,  G.  D. 
Pedoe,  A. 
Reynolds,  P.  C. 


Sanger,  C.  W. 
Shepherdson,  H.  J. 
Taylor,  F.  G. 
Waller,  F.  W. 
Wilson,  A.  B.  S. 


Part  IV. — Section  A. 
Nineteen  candidates  sent  in  their  names,  all  of  whom  presented 
themselves,  and  thirteen  passed,  namely  : 


fBradshaw,  F.  L. 
fCarey,  N.  L. 
fCarpmael,  C. 

Freeman,  H. 

Hocking.  W.  S. 


fHolgate,  B. 
limes,  F.  F. 
Johnston,  W.  N. 
Mabon,  J.  B. 
Marriott,  A. 


Rowell,  A.  H. 
fRutherford,  C.  D. 
fSpurgeon,  C.  B. 


Part  IV. — Section  B. 
One  candidate  presented  himself  for  this  Section  and  passed,  namely  : 
fRutherford,  C.  D. 


Part  IV. — Section  C. 
Six  candidates  sent  in  their  names,  all  of  whom  presented  themselvc 
and  one  passed,  namely  : 

flvnowles,  M.  B. 


Those  marked  (1)  have  noAV  completed  the  Examination  for  the  Class  of  Fellow. 


13  Sent  em  her  1921. 


By  Order  of  the  Council, 

C.  R.  V.  COUTTS, 

Chairman  of  Hoard  of  Examiners. 
A.  C.  THORNE, 
H.  J.  BAKER, 

Joint  Honorary  Secretaries. 
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PROCEEDINGS  AT  THE  ANNUAL  GENERAL  MEETING. 

The  Seventy-Fourth  Annual  General  Meeting  of  the  Institute  of 
Actuaries  was  held  in  Staple  Inn  Hall.  Holborn.  on  Monday.  6  June  1921. 
Sir  A.  W.  Watson,  KC.B   (President),  in  the  Chair. 

The  President  said  that  before  proceeding  with  the  ordinary  business 
of  the  meeting  he  proposed  to  have  the  ballot  papers  for  the  election  of 
new  members  of  the  Council  distributed,  so  that  they  might  be  collected  and 
counted  during  the  meeting.  On  the  present  occasion  the  form  of  the 
ballot  paper  had  been  somewhat  altered  to  bring  it  into  conformity  with 
that  usually  adopted  in  other  similar  professional  bodies.  The  names  of 
the  seven  Fellows  nominated  for  the  five  vacancies  were  set  out.  and  the 
members  were  invited  to  strike  out  two  names.  If  more  names  than 
two  were  struck  o"ut,  the  ballot  paper  would  not  thereby  be  invalidated  ; 
there  was  nothing  in  the  Bye-laws  to  compel  members  to  vote  for  the  full 
number  of  five  to  till  the  vacancies,  and  a  member  was  at  libertv  to 
strike  out  more  than  two  names  if  he  felt  disposed  to  do  so.  At  the  same 
time  he  would  like  to  bring  before  the  members  some  reflections  which  had 
occurred  to  him  and  others  during  the  past  twelve  months  and  which  he 
thought  were  deserving  of  attention.  The  system  of  election  by  ballot  had 
now  been  in  existence  for  two  years,  and  a  tendency  had  been  observed  on 
the  part  of  some  members  to  vote  for  only  one  or  two  candidates.  That 
was  clearly  and  absolutely  within  their  right,  but  he  was  very  much  afraid 
that  if  this  tendency  continued  and  developed  it  might  be  found  in  the 
course  of  a  few  years  that  the  Council,  instead  of  being  representative  of 
the  whole  of  the  Institute,  was  individually  representative  of  particular 
sections.  He  thought  that  that  would  be  a  transformation  of  the  present 
conditions  which  everyone  would  deplore.  The  Council  had  duties  cast 
upon  it  by  public  authorities  and  others  from  time  to  time  of  a  peculiarly 
onerous  and  responsible  character,  and  personally  he  would  like  it  under- 
stood, not  merely  by  the  Institute  but  by  the  world  outside,  that  there  were 
no  sections  amongst  the  members  of  the  Institute,  that  the  professional 
interests  of  all  members  were  the  care  of  every  one,  and  that  the  Council  was 
not  elected  as  it  were  by  sections  but  was  representative  of  the  whole  of  the 
actuarial  community.  He  hoped  he  was  not  trespassing  beyond  the  liberty 
which  should  be  allowed  to  the  President  in  bringing  the  matter  forward. 
It  was  entirely  within  the  option  of  the  members  to  vote  for  as  many 
candidates  as  they  liked  not  exceeding  five,  but  he  would  put  it  to  their 
personal  judgment  as  to  whether  it  was  not  desirable  that,  as  far  as 
possible,  each  should  endeavour  to  vote  for  five  candidates. 

The  ballot  papers  were  then  distributed  and  it  was  announced  at  the 
conclusion  of  the  meeting,  that  Mr.  C.  R.  V.  Coutts.  Mr.  John  Spencer 
Mr.  A.  D.  Besant,  Sir  G.  E.  May.  K.B.E.,  and  Mr.  J.  M.  Laing  had  been 
elected,  and  that  the  Council  and  Officers  for  the  ensuing  year  would 
accordingly  be  as  follows  : 

Election-  of  Officees. 

President. 

Sie  Alfred  William  Watson,  K.C.B. 
Vice-Presidents. 


James  Douglas  Watson. 
Abraham  Levine.  M.A. 


William  Paltn  Eldektox. C.B.E. 
Haeold  Moltke  Teouncee.  M.A- 
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Herbert  Heney  Austin. 

Henry  James  Baker. 

Arthur  Rhys  Barrand,  M.P. 
^Arthur  Digby  Besant,  B.A. 

Louis  Ernest  Clinton. 
^Charles  Ronald  Vawdrey 
Cgutts. 

William  Palin  Elderton,O.B.E. 
Alfred  Henry. 
Lewis  Frederick  Hovil. 
Charles  William  Kenchington. 
*  James  Murray  Laing. 
Abraham  Levine,  M  A. 
George  James  Lidstone,  F.R.S.E. 
Harold  Edward  William  Lutt. 
Geoffrey  Marks,  C.B.E. 


Council. 

Reginald  George  Maudling. 
*Sir  George  Ernest  May,  K  B.E. 
Henry  Edward  Melville. 
Henry  John  Percy  Oakley,  M.C. 
William  Penman. 
William  Peyton  Phelps,  M.A. 
John  Spencer. 
Frank  Percy  Symmons. 
Alfred  Charles  Thorne. 
Harold  Moltke  Trouncee,  M.A. 
Samuel  George  Warner. 
Sir  Alfred  William  Watson. 

K.C.B. 
James  Douglas  Watson. 
Arthur  Thomas  Winter. 


Not  Members  of  the  last  Council. 

Treasurer. 
Lewis  Frederick  Hovil. 


Honorary  Secretaries. 
Alfred  Charles  Thorne.  |    Henry'  James  Baker. 


In  moving  the  adoption  of  the  report  and  accounts,  the  President 
referring  to  the  paragraph  which  recorded  the  losses  sustained  by  death 
since  the  last  annual  meeting,  expressed  regret  that  they  had  again,  as  was 
the  case  last  year,  to  mourn  the  loss  of  a  member  of  the  Council,  who  had 
died  since  the  report  was  prepared.  He  referred  to  the  lamented  death  of 
their  colleague,  Mr.  W.  C.  Sharman.  Mr.  Sharman  became  a  Fellow  of 
the  Institute  in  1901,  and  had  served  for  several  years  on  the  Council.  He 
had  been  a  member  of  the  Board  of  Examiners,  and  for  some  years  had 
contributed  the  Legal  Notes  to  the  Journal.  It  was  to  the  Council  a 
matter  of  great  personal  regret  to  have  lost  so  excellent  and  engaging  a 
colleague  as  Mr.  Sharman.  Conclusive  testimony  to  his  many  admirable 
qualities  was  afforded  by  the  high  esteem  in  which  he  was  held  by  his 
colleagues  in  the  great  institution  in  whose  service  he  had  risen  to  a  high 
place.  He  was  sure  that  the  feeling  of  regret  at  the  untimely  loss  of  Mr. 
Sharman  would  be  unanimous. 

The  report  set  out  in  fairly  complete  detail  the  activities  of  the  Council 
during  the  last  twelve  months.  He  would  refer  to  one  or  two  matters  that 
were  not  mentioned  in  the  report,  but  which  he  thought  should  be  known  to 
the  members  of  the  Institute  generally.  Twelve  months  ago,  at  the  desire 
of  the  Government,  the  Council  appointed  a  Committee  to  assist  in  the 
very  important  work  of  preparing  the  pensions  part  of  the  claim  against 
Germany  for  reparations.  That  work  was  now  finished,  and  so  far  as  the 
preparation  of  the  pension  claim  was  concerned  it  was,  he  thought,  due  to 
those  members  of  the  Council  who  assisted  in  the  work  that  he  should  say 
how  adequate  and  how  substantial  their  assistance  had  been.  He  thought 
he  was  betraying  no  official  confidence  when  he  said  that  the  claim  sent  in 
was  eminently  satisfactory  in  the  sense  that  it  was  not  seriously  challenged, 
and  for  that  he  was  sure  no  little  part  of  the  credit  was  due  to  those 
members  of  the  Institute  who  were  consulted  in  its  preparation. 

One  other  matter  arising  out  of  the  war  was  also  omitted  from  the 
present  annual  report.  On  the  table  was  a  plan  of  the  proposed  memorial 
to  be  erected  in  the  Hall,  as  a  tribute  to  the  memory  of  those  who 
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sacrificed  their  lives  for  their  country  in  the  great  struggle  of  1914-18. 
The  Council  had  been  extremely  anxious  that  whatever  memorial  w;is  put 
up  in  the  Hall  should  be  in  keeping  with  the  character  of  the  Hall  itself. 
It  was  believed  that  at  length  a  satisfactory  solution  had  been  arrived  at 
and  a  form  of  memorial  obtained  which  would  be  a  credit  to  the  Institute, 
which  would  be  fitting  in  view  of  the  services  it  was  intended  to 
commemorate,  and  which  would  be  in  keeping  with  the  general 
characteristics  of  the  ancient  Hall.  Had  it  been  thought  proper,  it  would 
have  been  possible  to  erect  a  memorial  at  the  cost  of  the  Institute  without 
appealing  to  the  members  to  contribute.  That  course  received  due 
consideration  from  the  Council,  but  they  felt  upon  reflection  that  it  would 
be  a  poor  and  unsatisfactory  thing  were  they  merely  to  provide  a  memorial 
and  charge  it  to  the  existing  funds  of  the  Institute.  They  felt  it  would  be 
the  desire  ot"  every  member  to  have  some  personal  share  in  the  tribute 
to  their  departed  colleagues  which  the  memorial  was  to  represent,  and 
they  therefore  decided  to  give  every  member  an  opportunity  to  subscribe 
directly  an  amount  not  exceeding  one  guinea  towards  the  cost.  Those 
gallant  members  of  the  Institute  who  served  and  happily  came  back  would, 
he  was  sure,  be  glad  to  contribute  their  share  to  the  memorial  to  their 
departed  colleagues,  while  those  who  stayed  behind  could  only  in  that  way 
directly  testify  to  the  deep  and  unfailing  gratitude  they  felt  to  those  who 
had  sacrificed  their  lives.  He  hoped  that  when  the  members  reassembled 
in  the  autumn  the  memorial  would  be  erected  and  ready  for  unveiling.  Ihe 
only  other  matter  he  need  mention  was  the  interesting  activity  of  the 
International  Congress  of  Actuaries.  Their  colleagues  on  the  Continent 
who  belonged  to  the  allied  nations  seemed  to  have  kept  the  desirability  of 
maintaining  the  Congress  in  their  minds  during  the  long  years  of  war,  and 
now  that  peace  had  arrived  and  reconstruction  was  in  progress,  they  were 
keenly  desirous  of  reviving  the  activities  of  the  Congress,  It  was,  of 
course,  a  rather  delicate  matter  to  know  precisely  how  to  bring  into 
harmonious  relations  in  a  scientific  and  social  gathering  the  actuaries  of  not 
only  the  Allied  and  associated  countries  but  also  those  of  the  countries 
which  had  been  opposed  to  us.  Mr.  Woods  and  he  had  had  the  great  pleasure 
of  attending  the  annual  meeting  of  the  Permanent  Committee  of  the 
International  Congress  a  few  days  ago,  and  from  what  he  could  gather  of 
the  views  of  the  Allies  and  associates  some  time  would  have  ro  elapse  before 
their  former  enemies  could  be  again  received  as  friends.  There  was  a  strong- 
desire  on  the  part  of  some  members  of  the  profession  abroad  to  have  a 
Congress  at  as  eaily  a  date  as  possible,  and  he  thought  it  quite  likely  that 
it  would  be  called  in  1923.  The  English,  the  Scottish,  and,  he  believed,  the 
French  actuaries  had  stipulated  that  the  Congress  should  not  be  earlier  than 
1923,  but  when  it  did  come  he  sincerely  hoped  that  the  Institute  would 
take  the  same  prominent  share  in  the  work  and  in  the  preparation  of  papers 
to  be  submitted  that  it  had  taken  in  respect  of  all  previous  Congresses. 

Sir  Joseph  Bcbn,  in  seconding  the  motion,  said  that  he  had  felt  the 
death  of  their  late  colleague,  Mr.  Sharmin,  more  than  he  could  express, 
and  he  knew  that  there  were  many  members  of  the  Institute  who  shared  his 
feelings.  With  regard  to  the  report  itself,  he  felt  sure  that  most  members 
would  appreciate  the  reference  to  the  suggested  investigation  into  the 
mortality  of  life  annuitants.  The  Council  was  very  anxious  to  obtain  an 
experience  which  should  be  for  the  first  time  up  to  date,  and  that  meant 
getting  the  work  done  quickly  so  that  the  results  might  be  obtained  within 
quite  a  short  time  after  the  closing  date  of  the  experience.  He  thought  the 
proposed  rearrangement  of  the  T(xt-Book  was  a  matter  for  congratulation, 
and  with  regard  to  the  alteration  in  the  syllabus,  he  knew  "that  some 
members  thought  it  might  bean  advantage  to  include  again  some  knowledge 
in  reference  to  finance.  That  was  a  matter  which  was  to  be  further 
considered. 

On  the  motion  of  Mr.  Tutill.  seconded  by  Mr.  Cope,  Messrs.  D.  31. 
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Garment  and  Alex.  S.  Sellar  were  re-elected  and  Mr.  E.  A.  Woodall  elected 
as  auditors  for  the  coming  year. 

Mr.  Ckoss,  iti  proposing  a  vote  of  thanks  to  the  President,  Vice- 
Presidents,  Council  and  Officers  for  their  services  during  the  past  year,  said 
that  but  for  the  fact  that  the  President  was  taking  office  for  another  }'ear 
he  would  like  to  have  expressed  their  great  indebtedness  to  him,  but,  as 
things  were,  that  pleasing  duty  could  be  left  to  the  next  annual  meeting. 
He  would  like  to  include  in  the  vote  of  thanks  Mr.  Jarvis,  the  Assistant 
Secretary. 

Mr.  Moran  seconded  the  motion,  which  was  carried  unanimously. 

Mr.  Collins  moved  a  vote  of  thanks  to  the  auditors — Messrs.  Stanley 
Hazell,  D.  M.  Garment  and  A.  S.  Sellar — for  their  services  during  the  past 
year,  and,  Mr.  Sheriff  having  seconded,  the  motion  was  unanimously 
carried. 

Mr.  Hazell,  on  behalf  of  his  co-auditors  and  himself,  briefly  thanked 
the  meeting  for  the  kind  recognition  of  their  services. 

The  President,  on  behalf  of  the  Officers  and  the  Council,  tendered  very 
sincere  thanks  for  the  vote  of  thanks  that  had  been  given  them.  It  had 
been  a  verv  arduous  session.  The  Council  had  disposed  of  what  he  thought 
was  probably  a  record  amount  of  business.  Speaking  for  himself,  he  would 
be  doing  less  than  justice  were  he  not  to  acknowledge  the  splendid  assistance 
he  had  received  from  the  Vice-Presidents  and  most  especially  from  the 
Honorary  Secretaries.  He  would  like  to  say  how  much  the  Institute  owed 
to  the  zeal,  industry  and  discretion  of  its  Assistant  Secretary,  Mr.  Jarvis. 


Additions  to  the  Library. 


The  following  works  have  been  added  to  the  Library  since 
the  publication  of  the  Journal  for  October  1920  : 


Accountants,  Institute  of  Chartered,  in  England  and  Wales. 

List  of  Members,  &c,  19^1. 

Accountants  and  Auditors,  Society  of. 
List  of  Members,  &c,  1921. 

Actuarial  Society  of  America. 
Transactions,  1920. 
Containing,  inter  alia — 

"Influence   of   Occupat'on   on    Mortality",  by 

A.  Hunter  and  Dr.  O.  H.  Rogers. 
"  Notes  on  Problems  of  Small  Pension  Funds",  by 

J.  B.  Maclean. 
"  Mortality   among    American    Annuitants  and 

Premiums  based  thereon",  by  A.  Hunter. 
"  Joint  and    Survivor    Annuity.    Calculation  of 
Values  by  a  continuous  method  ",  by  E  G. 
Fassel. 

"Actual  D.  aths  in  the  Mutual  Life  Ins  ranee  Co. 
of  New  ^  ork  compared  with  the  Expected  by 
thiee  stan  iards  ",  b\  W.  A.  Hutcheson. 

''A  practical  system  of  calculating  expected 
mortality  and  its  relation  to  valuation  and 
dividend  apport  on  men t ",  by  M.  L.  Johnson. 


By  whom  presented 
(when  not  purchased). 

The  Institute. 


The  Society. 


The  Society. 


1921.1 
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Actuarial  Society  of  America — continued. 
Transactions,  1920 — continued. 

"Amortization  of  Bonds,"  by  P.  C.  H.  Papps. 
''  Some  influences  affecting  the  interest  rate,"  bv 

\\\  M.  Strong, 
"  Mortality  on  colored  lives",  by  J.  D.  Craig. 
••  Mortality  experience  of  the  Sun  Life  Assurance 
Co.  of  Canada  among  Annuitants  "  by  A.  B. 
Wood. 

Problems  and  Solutions.    Associateship  Examinations,  1 
Parts  I  and  II,  19L5-1919.  8vo.  New  York.  1921./ 

Actuarial  Society  of  Australasia. 

Proceedings,  1920. 

Actuarial  Society  of  Scandinavia. 

Transactions. 

Actuaries,  Faculty  of. 

Transactions,  1920. 
Containing,  inter  alia — 

"  On  some  disputed  questions  of  Probability  ",  bv 
Prof.  E.  T.  Whittaker. 

"Summary  of  correspondence  between  the  late 
Sir  George  F.  Hardy  and  a  reviewer,  on  the 
applicability  of  the  Bayes-Laplace  formula  for 
mortality  rates."  (Extracted  from  the 
Insurance  Record,  18S9). 

"  Xote  on  the  general  case  of  the  Bayes-Laplace 
formula  for  inductive  or  a  posteriori 
Probabilities  ",  by  G.  J.  Lidstone. 

"The  Theory  of  Inverse  Probability,  with  special 
reference  to  Prof.  Chrystal's  paper  e  On  some 
fundamental  principles  in  the  Theory  of 
Probability  ' ",  by  J.  Govan. 

American  Mathematical  Society. 

Transactions. 

American  Statistical  Association. 
Transactions. 

Argentine  Republic. 

Anales     del     Instituto  Argentino     de     Actuarios. ") 

Estatutos,  exposicion  de  motivas.    Buenos  Aires.  > 

1920.  ) 

Association  Eoyale  des  Actuaires  Beiges. 

Bulletin  of  the. 

Association  of  Life  Insurance  Medical  Directors  of  America. 

Abstract   of    Proceedings,    1919-20,    1920-21.    8vo.  ) 
New  York.    1920-21.  j 

Bagehot  (Walter). 

Lombard  Street.    A  description  of  the  Money  Market.  ) 
10th  edit.    Svo.    1892.  j 

VOL.  LII. 


By  wham  presented 
(when  not  purchased). 


The  Society. 


The  Societi . 


The  Society. 


The  Faculty. 


The  Society. 
The  Association. 

The  Institute. 

The  Association. 
The  Association. 

6r.  J.  Lidstone. 
2  R 
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By  whom  presented 
{when  not  purchased). 

Belgium. 

The  National  Bank  of  Belgium  under  the  German  ^ 
Occupation,  1914-1918.  '  N.D.  J 

Benes  (J.). 

Sur  la  Statistique  et  sa  Theorie,  sur  les  Sciences  et ") 
Interets  aux  quels  elle  s'applique.    Prague.    1920.  j 


Ernest  Woods. 


The  Author. 


Bertrand  (J.). 

Calcul  des  Probabilites.    8vo.    Paris.    1907.  Purchased. 

Beveridge  (W.  H). 

Unemployment.    A  problem  of  Industry.    8vo.    1919.  W.PalinJElderton. 

"  Biometrika." 

Vol.  XIII,  Parts  I,  II  and  III.  Purchased. 
Containing,  inter  alia — 

"The     Fundamental     Problem     of  Practical 

Statistics      by  Prof.  Karl  Pearson. 
"  Notes  on  the  History  of  Correlation",  by  Prof. 

Karl  Pearson. 
"  On  the  inheritance  of  the  finger-print     by  Ethel 

M.  Eldcrton. 
"  On  the  Probable  Errors  of  Frequency-Constants." 

(Editorial), 

'•  An  experimental  determination  of  the  Probable 

Error     of     Dr.     Spearman's  Correlation 

Coefficients",  by  "  Student." 
"  On  the  mathematical  expectation  of  the  moments 

of    frequency    distributions,    Part    11",  by 

Prof.  A.  A.  Tchouproff. 

Bisset-Smith  (G.  T.). 

The  Census  and  sonic  of  its  uses.    8vo.    1921.  Purchased . 


Blaschke  (Dr.  E.). 

Zur  Ausgleichung  von  zweifach  abgestuften  ^ 
Statistischen  Rcihen.    Berlin.    1920.  J 

Bonferroni  (C.  E.). 

Probabilita  assolute,  relative,  di  precessione.  Home. ~) 
1921.  f 

Dei  fenomeni  collettivi  e  una  estensione  del  concetto  di  \ 
Probabilita.    Pome.    1921.  ) 


The  Author 


The  Author 


Bowley  (Dr.  A.  L.). 

The  nature  and  purpose  of  the  measurement  of  Social  \ 

Phenomena.    8vo.  1915. 
Elements  of  Statistics.    4th  edit.    8vo.    1920.  L  Purchased. 

Official  Statistics.    What  they  contain  and  how  to  use 

them.    Sin.  8vo.    1921.  *  J 

Brown  (Dr.  W.)  and  Dr.  G.  H.  Thomson. 

The     Essentials    of     Mental     Measurement.     8vo. ) 
Cambridge.    1921.  > 

Bruns  (Dr.  H.). 

WahrscheinlichkciLsrechnuns'  und  Kollektivmasslelire.  )             „     7  7 

u         f    •     •        nrw  :  Purchased. 

8vo.    Leipzig.    1906.  ) 


Purchased. 


1921.] 


Additions  to  the  Library. 


Casualty  Actuarial  Society  of  America. 

Proceedings,  1920. 
Containing,  inter  alia — 

"  The  effect  of  the  War  upon  the  development  of 

Social  Insurance  in  America",  by  B.  D.  Flynn. 
"  An  analysis  of  Health  Claims  by  disease  ",  by 

Jl.  J.  MeManus. 
"  Notes  ou  Poisson's  exponential  and  Charlier's 

curves  ",  by  A.  H.  Mowbray. 
•;  The  actuarial  problems  of  1920  National  revision 

of  Workmen's  Compensation  insurance  rates", 

by  A.  H.  Mowbray. 
"  Disability  Benefits  in  Life  Insurance  Policies  ", 

by  J.  H.  Woodward. 
"  A  suggested  system  of  standard  notation  for 

actuarial  work  in  Workmen's  Compensation 

insurance  "',  by  S.  B.  Perkins. 
"  Group  Health  Insurance  ",  by  J.  T).  Craig. 

Chartered  Insurance  Institute.  Journal  of  the. 
Vol.  XXIII.    Svo.  1920. 
Containing,  inter  alio — 

"  Repudiation  of  Liability  as  it  affects  arbitration 
clauses  in  policies  of  assurance",  by  J.  B. 
Matthews. 

"State  Insurance'*,,  by  Henry  Brown,  J. P. 

Collis  (E.  L.)  and  Dr.  Major  Greenwood. 

The  Health  of  the  Industrial  worker.    Svo.  1921. 

Dale  (J.  B.). 

Five-figure  Tables  of  Mathematical  Functions.  2nd"}) 
edit.    Svo.    1905.  J 

Denmark. 

Beretmng  fra  Forsikringsraadet  for  aaret  1920. 

Deutscher  Verein  far  Versicherungs-Wissenschaft. 
Zeitschrift.  1920-1921. 

Dougharty  (H.). 

Pension,   Endowment,    Life    Assurauce    and  other 
schemes  for  employees  of  commercial  companies.  > 
Svo.  1920.  ) 

Dublin  (Dr.  L.  I.). 

The  reduction  in  mortality  anions  coloured  policy-  ") 
holders.    New  York.    1920.  j 

Dublin  (Dr.  L.  I.)  and  J.  W.  Whitney. 

On  the  Costs  of  Tuberculosis.  1920. 

East  (E.  M.). 

Population.     Harvard,  N.J.  1920. 

Economic  Society  (Royal). 

Journal  of  the,  1920-21. 
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Edgeworth  (Prof.  F.  T.). 

On  the  application  of  Probabilities  to  the  movement  of  } 

gas-molecules.  1920. 
The  Genesis  of  the  Law  of  Error.    1921.  ) 

France. 

Societes    d'asurances    sur    la    vie    et    Societies  de 
Capitalisation.    Rapport  sur  le  fonctionnement  du  ( 
controle  pendant   les  annees  1914-1919.     8vo.  C 
Paris.    1921.  ) 

Gheury  de  Bray  (M.  E.  J.). 

Exponentials  made  easy,  or  the  storv  of  "  Epsilon."  | 
Sm.  8vo.    1921.     "  ) 


By  whom  presented 
(when  not  purchased). 


The  Anther. 


The  Frencii 
Government. 


The  Publishers. 


Glen  (N.). 

Actuarial  Science.  An  elementary  manual.  2nd  edit.  ) 
8vo.    Glasgow.    1898.  j 

Gray  (Peter). 

Tables  for  the  formation  of  Logarithms  to  twenty-four  ^ 
or  any  less  number  of  places.  2nd  edit.  8vo.  1900.  ) 

Hay  (W.). 

Union  of  South  Africa  Census  figures  (1918)  from  an  ) 
insurance  point  of  view.    Cape  Town.    1920.  \ 

Hoffman  (Dr.  F.  L.). 

National  Health  Insurance  and  the  Medical  Profession.  ~) 
8vo.    Newark,  N.J.    1920.  ( 

National  Health  Insurance  and  the  Friendly  Societies.  \ 
8vo.    Chicago.    1920.  ) 


Purchased. 


G.  J.  Lids  tone. 


The  Author. 


The  Author. 


Holland. 

Nationale  Levensversekering-Bank.    Verslag  over  het~\    The  " Rationale  " 
jaar  1918.  J  Company. 

Vereeniging  voor  de  Verzekerings-  Wetenschap.  Het  \ 
Verzekerings-archief.  J 

Hunter  (A.). 

Mortality  among  American  Annuitants  and  Premiums  \ 
based  thereon.    New  York.    1920.  f 

Is  the  "  Average  "  the  same  as  the  Normal  "  for  weight  ( 
and  blood  pressure  ?    New  York.    1920.  J 

Hunter  (A.)  and  Dr.  0.  H.  Rogers. 

Influence  of  Occupation  on  Mortality.    New  York. 

1920.  / 

Insolera  (F.). 

Lezioni  di  Statistica  Metodologica  dettate  nell'  Istituto  f 
Superiore  di  Commercio  di  Torino.    8vo.  Torino. 

1921.  ) 

Institut  des  Actuaires  Francais. 

Bulletin  of  the.  The  Institute 


The  Society. 


The  Avlhor. 


The  Authors. 


The  Author. 


Institute  of  Bankers. 

Journal  of  the,  1920-21 


The  luslilutf 


t92i 


Addition*  to  the  Library. 


Insurance  Institute  of  America. 

Proceedings  of  the  Tenth  Conference.  K)]s. 

Insurance  Institute  of  New  South  Wales. 

Transactions,  1918.  1919..  1920. 

Insurance  Institute  of  Toronto. 

Proceedings..  1919-20. 
Containing-,  inter  atia — 

"  Some  occupational  hazards",  hy  J.  M.  Laing. 

"•'  The   significance  of  blood  pressure "',  by  Dr. 
H.  B.  Anderson. 

International  Actuarial  Congresses. 

Bulletin  of  the  Permanent  Committee 


ot)9 

By  whom  presented 
(when  not  purchased). 

The  Institute. 
The  Institute. 
The  Institute. 


1920. 


Italy. 


Atti  della  Reale  Commissione  per  le  Valutazioni  ed  i  ~\ 
riparti  dei  Disavanzi  degli  Istituti  de  Previdenza  ( 
Ferroviari.  Lavori  dell'  Ufficio  Tecnico.  3  vols.  C 
La.  8vo.    Rome.    1913-19.  ) 

Giornale  di  Matematica  Finanziaria  Ri vista  technics  ) 
del  Credito  e  della  Previdenza.    1920.  j 

Istituto  Nazionale  deUe  Assieurazioni.  Situazione  al~\ 
31  Dec.  1919.    Pol.    Borne.    1921.  / 

Joffe  (S.  A.). 

Mortality  Experience  (1876-1905)  of  Life  Insurance/ 
Companies  in  Germany.    New  York.    1920.  j 

Jones  (D.  Caradog). 

A  first  course  in  Statistics.    8vo.  1921. 

Keynes  (J.  M.). 

A  Treatise  on  Probability.    8vo.  1921. 


Legendre  (A.  M.). 

Elemens  de  Geometric.    10th  edit. 

London  Mathematical  Society. 
Proceedings.  1920-21. 


Svo.    Paris.  1813. 


Macaulay  (T.  B.). 

Canadian  Life  Assurance, 

Maclaurin  (Colin). 

A  Treatise  of  Algebra 


1920. 


2nd  edit.    Svo.  1746. 


Minetola  (S.). 

Saggio  di  una  teoria  statistica  sulla  frequenza  delle 

malattie.    Borne.  1920. 
Di  alcuni  di  ststistica  che  conducouo  ad  estendere  il 

concetto  di  Probabilita.    Borne.  1920. 
A  proposito  di  an  mio  recente  studio  sul  concetto  de 

Probabilita.    Borne.  1921. 

Nippon  Life  Assurance  Co. 

Annual  Report,  1919. 


The  Permanent 
Committee. 


(  (num.  Ing. 
Gruido  Toja. 

F.  Insolera. 

Comm.  In  j  j. 
Ghtido  Toja. 


The  Author. 


Purchased . 


Purchased . 


G.  J.  lidstone. 


The  Societu. 


The  Author 


G.  J.  Lidstone. 


The  Autho) 


The  u  Nippon  "  Co. 
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Norway. 

Forsikringsselskaper,  1918.  8vo.  Christiania.  1920. 
Ot.  med.  nr.  1.    (1921).    Om  utferdigelse  av  en  lov 

om  alderstrvgd.    Socialdepartementets  instilling, 

1921.    4to."  "Christiania.  1921. 
Utkast  til  lov  om  uf0rhets  og  alderatrygd  med  motiver. 

Instilling  fra  den  av  Departementet  for  Sociale 

Saker  i  1919  nedsatte  "  Folkepensjonskomite." 

4to.    Christiania.  1921. 


By  whom  presented 
(when  not  pnrdiospn). 


The  Nonvegian 
Government. 


Parliamentary  Papers. 

Acts  of  Parliament. 
Finance,  1920. 

Industrial  Assurance  Bill,  1921. 

Unemployment,  1920. 
Assurance  Companies. 

Returns  to  the  Board  of  Trade.  1920. 

Valuation  Returns,  1916,  1917,  L918. 
Censuses. 

1921.  England  and  Wales.  Preliminary  Report, 
including  Tables  of  tin;  Population.  Pol. 
1921. 

Chief  Registrar  of  Friendly  Societies. 

Report  on  Building  Societies,  1918. 
Colonial  Acts  and  Bills. 

New  South  Wales  Superannuation,  1916,  1919. 
Colonies. 

Canada. 

Report  of  the  Superintendent  of  Insurance  for 

the  year  1919. 
Insurance  Companies.  Abstract  of  Statements 

for  the  year  ended  31  Dec.  1920.  8vo. 

1921. 
New  South  Wales. 

Friendly  Societies,  &c.  Report  of  the  Registrar 

for  1920. 
Official  Year  Book,  1920. 

Report  on  the  Influenza  Epidemic  in  1919. 
Fol.  1920. 

Report  of  the  Government  Statistician  on 

Vital  Statistics,  1920. 
Report  by  the  Government  Statistician  on  the 

Vital   Statistics    of    the  Metropolitan 

combined  sanitary  districts,  1920. 
State  Superannuation  Board's  First  Annual 

Report,  1920. 
Statistical  Register  for  1919-20  and  previous 

years. 

New  Zealand. 

Friendly  Societies   Annual    Report  of  the 

Registrar,  1919. 
Government  Insurance  Department.  Annual 

Report,  1919. 
Official  Year  Book,  1920. 

Report  on  the  Results  of  the  Census  of  1916. 
Fol.  1920. 

Statistics  of    the    Dominion    for   the  year 
1919. 


Purchased. 


Purchased . 
Purchased. 

The  Pegistrar- 
General. 


Purchased. 

Prof.  E.  M.  31oors. 

r  The 
<  Superintendent 
L         of  Insurance. 

/  The  Canadian 
C  Government. 


The  Government 
of  N.S.  W. 


The  Government 
of  N  .Z. 
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By  whom  presented 
(when  not  purchased). 


The  Author 


Richardt  (T.). 

On  a  formula  for  the  transformation  of  Mortality  Tables  ) 

Christiania.    1920.  f 

Robins  (F.). 

Factorials  and  allied  products  with  their  logarithms.  1  ,.  . 

T              ,ni«     J  °  \  W.PahnElderton. 

La.  4to.    1917.  J 


Rollason  (J.  G.  W.) 

Problems  and  possibilities  of  an  insurance  career.  1920. 

Rowntree  (B.  Seebohm)  and  F.  D.  Stuart. 

The  responsibility  of  women-workers  for  dependants.  ) 
8vo.    Oxford.    1921.  j 

Royal  Astronomical  Society. 

Memoirs  of  the. 

Rusher  (£.  A.). 

Sickness  records  of   Steel- workers.    (Report  to  the 
Industrial  Fatigue  Board.)    8vo.  1920. 

Salmon  (Dr.  George). 

A  treatise  on  Conic  Sections.    6th  edit.    8vo.  1879. 

Sanielevici  (M.). 

Notes  sur  une  Table  de  Mortalite  de  la  Population  > 
Generate  de  la  Roumaine.    Bucharest.    1921.  ) 

Scientific  and  Learned  Societies  of  Great   Britain  and 
Ireland. 

Year  Book,  1920. 

Secrist  (H.). 

Headings  and  Problems  in  Statistical  Methods.    8vo.  ) 
New  York.    1920.  ) 

Sheppard  (Dr.  W.  F.). 

Reduction  of  Error  by  linear  compounding.    La.  Jto.  ) 
1920.  / 

Smith  (Charles). 

An  Elementary  Treatise  on  Conic  Sections.    Itb  edit.  \ 
8vo.    1885.  J 

Stamp  (Sir  Josiah),  K.B.E. 

The  Fundamental  Principles  of  taxation  in  the  light  of  ) 
modern  developments.    8vo.    1921.  j 

Statistical  Society  (Royal). 

Journal  of  the,  1920-21. 

Sweden. 

Enskilda   Fdrsakringsanstalter   ar   1919.  av    Kungl. ) 
Forsakringsinspektionen.  ) 

Switzerland. 

Rapport  du  Bureau   Federal  des  Assurances  sur  les  ~\ 
Entreprises  privces  en   matiere  d'Assuranees  en 
Suisse.    1918.  ) 


The  Author. 


Purchased . 


The  Society. 


The  Author. 


G.  J.  Li  (1st  one. 


The  Author. 


Purchased. 


Purchased . 


The  Author 


G.  J.  Lidst( 


Purchased. 


The  Society , 


The  Steed i isA 
Go  vernmeut. 


The  Swiss 

Government. 


1921.] 
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Thomas  (E.  C). 

Life  Office  Bonuses.    Cape  Town.  1920. 

United  States  of  America. 

Official  Publications. 

Nineteenth  Annual  Report  of  the  Bureau  of  the 

Census  on  Mortality  Statistics,  1918. 
Fourth  Annual  Report  on  Birth  Statistics  for  the 

Birth  Registration  area  of  the  United  States, 

1918. 
Connecticut. 

Fifty-sixth  Annual  Report  of  the  Insurance  ;-  The 
Commissioner,  1920. 
Massachusetts. 

Sixty-fifth  Annual  Report  of  the  Insurance! 

Commissioner  (Life  and  Miscellaneous),  >  The 
1919.  J 
New  York. 

Reports  of  the  Superintendent  of  Insurance,  ) 
1915-1920.  j 
Teachers  Retirement  System  of  the  City  of  New  } 
York.    First,  second  and  third  annual  Reports.  > 
1917-1919.  ) 

Williamson  (B  ). 

An  Elementary  Treatise  on  the  Differential  Calculus.  -\ 
5th  edit.    8vo.    1884.  / 

An  Elementary  Treatise  on  the  Integral  Calculus.  4th  t 
edit.    8vo.    1884.  J 


By  whim  presented 
{when  not  purchased). 

The  Author. 


The  U.S. 
Govertrni'nt. 


Com  missio  ner. 


Commissioner. 


The 

Superintendent . 
G.  B.  Burl-. 


G .  J.  Lid  stone. 


The  following  additional  copies  of  works  already  in  the 
Library,  presented  from  tlie  Library  of  the  late  H.  Archer 
Thomson,  P.I. A.,  by  G.  J.  Lidstone.  (See  also  the  preceding- 
list  for  volumes  from  the  same  source)  : 

British  Offices'  Life  Tables,  1893. 

Tables  deduced  from  the  Graduated  Experience  of  Whole  Life  Participating 
Assurances  on  Male  Lives.    Aggregate  Tables.    8vo.  1902. 

Whole  Life  Participating  and  Non- Participating  Assurances  on  Male  Lives. 
Select  Tables.    8vo.  1907. 

Valuation  Tables.  Whole  Life  Participating  Assurances  on  Male  Lives  (0-AI!. 
8vo.  1907. 

Values  of  Temporary  Annuities  at  2*  par-cent  interest  according  to  the 
0M  and  0M  51  Mortality  Tables.    8vo.  1907. 

Burn  (Sir  Joseph),  K.B.E. 

Stock  Exchange  Investments  in  Theory  and  Practice.    8vo.  1909. 

€allet  (Francois). 

Tables  Portatives  de  Logarithmes.    8vo.    Paris.  1795. 

Chambers'  Mathematical  Tables. 

2nd.  edit.  X.I). 

Crelle  (Dr.  A.  L.). 

Tables  de  Calcul  ou  se  trouvent  les  Multiplications  et  Divisions  toute  faites 
de  tons  les  nombres  an  dessous  de  mille.    Pol.    Berlin.  1880. 
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Elderton  (W.  Palin). 

Frequency-Curves  and  Correlation.    8vo.  1906. 

Hardy  (Sir  G.  F.),  K.C.B. 

Tlic  Theory  of  the  Construction  of  Tables  of  Mortality  and  of  similar 
statistical  tables  in  use  by  the  Actuary.    8vo.  1909. 

Hardy  (R.  P.). 

Valuation  Tables  based  upon  the  Institute  of  Actuaries  Mortality  Experience 
(HM)  Table.    8vo.  1873. 

Oakes  (Lt.-Col.  W.  H.). 

Tables  of  Compound  Interest.    8vo.  N.I). 
Table  of  Reciprocals.    8vo.  1861. 

Rothery  (H.  J.)  and  Sir  Gerald  H.  Ryan,  Bart. 

Premium  Conversion  Tables.    8vo.  1893. 
Simpson  (T.). 

The  Nature  and  Laws  of  Chance.    8vo.  1792. 
Whitworth  (W.  A.). 

Choice  and  Chance.    4th  edit.    8vo.  1886. 


©Intuar^ 

James  Miles  Langstaff,  Fellow  of  the  Institute,  Major.  Canadian 
Expeditionary  Force. 

Killed  in  Action,  1  March  1917. 

Ernest  Milton  Martin,  Probationer  of  the  Institute,  Lieutenant, 
24th  Battalion,  2nd  Division,  Australian  Imperial  Force. 
Killed  in  Action,  31  March  1918. 

Joseph   Jefferson   Twentyman,   D.C.M.,   Probationer   of  the 
Institute,  2nd  Lieutenant,  Highland  Light  Infantry. 
Died  on  Service,  11  February  1919. 


ERRATA. 

Vol.  xlviii,  p.  126,  6th  line  from  bottom: 

for  "Reversionary  Bonuses"  read  "Sums  AssuredV 

i 

„    lii,  p.  103;  Equation  (1)  :  _  should  be 

„     „         „      line  13:       1  12     „  1/12. 

„     „     p.  105,  4th  lino  of  §  7  :  for  e~1/l2n  read  e1  12" . 


„      6th     „      „      „   1600     „  1200. 
„    12th     „      „     „  A.S.E.  „  R.S.E. 
„      3rd  line  from  bottom  : 

for  log io*100  !  read  1  Off  lo  1  00 
p.  106,  9th  line  :  for  er1  12,1  road  e1  12w . 
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INSURANCE  WORKS  OF  THE  SPECTATOR  COMPANY,  NEW  YORK. 

A  SELECTION  OF  THE  MORE  IMPORTANT  INSURANCE  PUBLICATIONS. 
C.  &  E.  LAYTON,  Sole  Agents. 


NOTE. — Prices    subject  to   fluctuations   of  exchange. 


LIFE. 

A  B  C  OF  LIFE  INSURANCE. — Sixth  Edition,  1921.  A  plain,  non-mathematical  treatise 
explaining  life  insurance.    A  few  hours'  lesson  in  the  principles  of  insurance.    Price  7/6. 

ACCOUNTANCY  OF  INVESTMENT,  THE. — By  the  late  Charles  E.  Sprague.  Revised. 
Third  Edition.  A  thorough  and  excellent  work,  treating  in  detail,  of  interest,  annuities,  bond 
valuations  at  varying  rates,  amortization,  logarithms  in  interest  calculations,  and  tables  of 
compound  interest,  present"  worth,  annuities,  sinking  funds,  twelve-place  logarithms,  etc. 
Price  25/-. 

ART  OF  CANVASSING.  THE.— HOW  TO  SELL  LIFE  INSURANCE.— By  William 
Miller.    Eighth  Edition,  brought  up  to  date.    Price  10/-. 

ART  OF  SELLING,  THE.— By  John  S.  Tunmore.  A  practical  handbook  for  the  use  of 
insurance  and  other  salesmen.    Price  7  6. 

BUSINESS  OF  INSURANCE,  THE.— By  Howard  P.  Dunham,  covering  the  field  01 
practical  insurance,  life,  fire,  casualty,  surety  and  miscellaneous,  in  three  volumes,  containing 
over  1  ,  =  00  pages,  written  by  eighty  experts.  Price  per  set,  bound  in  library  buckram,  42/. 
bound  in  half  morocco,  50/-. 

CHARTERS  OF  AMERICAN  LIFE  INSURANCE  COMPANIES.— Showing  the  charters 
and  amendments  thereto  of  sixty-two  prominent  legal  reserve  companies.  Revised  Edition,  iqti. 
Price,  bound  in  sheep,  50/-. 

COMPENDIUM   OF  OFFICIAL  LIFE  INSURANCE   REPORTS.— Price  25,-. 

COMPLETE  EXTENDED  BOND  TABLES.— By  the  late  Charles  E.  Sprague.  For 
obtaining  accurate  results  on  the  Amortization  Basis,  giving  values  to  the  nearest  cent  on 
Si, 000,0=0,  whereas  all  previous  tables  have  been  accurate  to  $ioc  only.  Rates  of  Income  to 
One  Hundredth  of  One  Per  Cent.    Price,  bound  in  flexible  leather,  50/-. 

EFFICIENCY. — By  Forbes  Lindsay.  New  Edition.  An  instructive  work,  giving  practical 
lessons  in  life  insurance  salesmanship.     Prices,  paper,  5/-  ;  in  cloth,  6/6. 

HANDY  GUIDE  TO  PREMIUM  RATES,  APPLICATIONS  AND  POLICIES  OF 
AMERICAN  LIFE  COMPANIES.— Price,  cloth,  20/-.  Three  Supplements  are  issued, 
in  July,  October  and  January.    Price  to  Handy  Guide  subscribers,  5.'-  for  the  three. 

HOW  TO  SELL  INSURANCE.  — By  Wm.  Alexander.  A  practical  guide  for  the  Life 
Insurance  Salesman.    Price  10/-. 

INSURANCE  LAW  OF  NEW  YORK,  THE. — By  Amasa  J.  Parker,  Jr.  The  complete  law 
of  New  York;  Chapter  33  of  1909.  with  all  amendments  to  1919.  Also  the  complete  Con- 
solidated Laws  relating  to  the  General  Corporation  Law,  and  Stock  Corporation  Law.  Price, 
bound  in  buckram,  25/-. 

INSURANCE  SCIENCE  AND  ECONOMICS.— By  Frederick  L.  Hoffman.  This 
work  is  a  practical  discussion  of  present  day  problems  of  insurance  administration,  methods, 
and  results  ;  for  insurance  officials,  managers,  agents  and  others  interested  in  the  broader 
aspects  of  insurance  as  a  business  in  its  relation  to  public  welfare  and  the  State.    Price  15/-. 

INSURANCE  YEAR  BOOK.  THE. — Issued  July  of  each  year.  Price  of  each  volume:  Life, 
Casualty  and  Miscellaneous  Insurance,  75/-  ;  Fire  and  Marine  Insurance,  75/-  ;  both  volumes 
when  ordered  together,  125/-. 

LETTERS  OF  "AMICUS."— Written  by  a  Hayville  Agent.  Replete  with  good  advice  to 
Agents,  philosophical,  critical,  or  imaginative,  but  always  witty  and  pleasing.    Price  10/-. 

LIFE  AGENTS'  PRIMER,  THE.— By  William  Alexander.  A  simple  explanation  of  the 
general  truths,  fundamental  principles  and  the  practices  of  life  insurance  companies. 
Price,  cloth,  5  -. 

LIFE  ASSURANCE  PRIMER.— By  Henry  Moir.  Third  edition.  A  work  of  reference  on 
the  theory  and  practice  of  life  insuramce.  A  text  book  dealing  with  the  practice  and 
mathematics  of  life  insurance,  for  use  in  advanced  schools,  colleges  and  universities. 
Price  15/-. 
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Publications  of  the  Spectator  Company— continued. 


LIFE  INSURANCE  HISTORY.  1S43-1910. —Yearly  business  of  all  active  United  States  Life 
Insurance  Companies  from  organization.    Price  25/-. 

LIFE  INSURANCE  LAW  CHART.— Contains  in  tabular  form  a  summary  of  State  Laws 
regarding  statutory  requirements  of  life  insurance  companies  for  permission  to  do  business  in 
each  State.    Issued  annually.    Price  20/-. 

LIFE  INSURANCE  POLICYHOLDERS'  POCKET  INDEX.- Showing  the  statistics  of  the 
level  premium  Companies.    Price,  manilla,  3/-. 

LIFE  INSURANCE  SALESMANSHIP.— By  Thomas  J.  Henderson.  A  work  of  great 
value,  instiuctive  in  the  art  of  selling  life  insurance.    Price,  cloth,  7/6. 

MEDICO-ACTUARIAL  MORTALITY  IN VESTIGAT ION.- Report  of  Joint  Committee, 
Actuarial  Society  of  America  and  Association  of  Life  Insurance  Medical  Directors. 

Volume   I.  gives  statistics  of  height  and  weight  of  insured  persons.    Price  12'6. 

Volume  II.  shows  influence  of  build  on  mortality  among  men  and  women,  causes  of  death 
among  men  and  women.    Price  50,'-. 

Volume  III.  shows  the  mortality  experience  of  forty-three  companies  in  ninety-seven 
occupations,  with  the  principal  causes  of  death.    Price  50/-. 

Volume  IV.  contains  statistics  on  the  influence  on  mortality  on  defects  in  physical  con- 
dition, in  personal  history  and  in  family  history.    Price,  50/-. 

Volume  V.  contains  the  results  of  the  investigation  into  the  mortality  of  insured  lives  (a) 
with  family  history  of  tuberculosis;  (b)  with  personal  history  of  malaria  ;  (c)  resident  in 
seven  Southern  States  ,  vd)  under  Joint  Life  policies.    Price  50/-. 

NOTES  ON  LIFE  INSURANCE.— By  Edward  B.  Fackler,  A.B.,  LL.B.  An  elementary 
treatise  on  the  principles  governing  life  insurance.  The  theory  of  life  insurance  practically 
explained.  Price  20/-. 

PLAIN  REASONS.  —WHY  ONE  SHOULD  ENGAGE  IN  THE  BUSINESS  OF  LIFE 
UNDERWRITING. — By  Charles  Warren  Pickhll.  A  new  and  useful  book  to 
awaken  interest  in  life  insurance  soliciting  among  new  agents  and  those  considering  taking  up 
the  business.    Price  7/6. 

PRACTICAL  LESSONS  IN  ACTUARIAL  SCIENCE.— A  treatise  showing  the  methods 
of  ascertaining  rates,  values,  etc.,  for  life  insurance  policies,  embracing  several  hundred  pages 
of  Mortality  Tables  and  other  statistical  data  not  obtainable  in  any  other  publication.  Revised 
edition  in  two  volumes.  Vol.  I.,  350  pages  of  text,  and  Vol.  II.,.  310  pages  of  tables. 
Price,  per  volume,  30/- ;  two  volumes  ordered  together,  50/-. 

PRACTICAL  LIFE  INSURANCE  EXAMINATIONS.-By  Murray  Elliott  Ramsay, 
M.D.  A  work  of  interest  to  medical  examiners  of  insurance  companies  and  doctors  taking  up 
this  branch  of  work.    Price,  cloth,  8  '-. 

PRACTICAL  POINTERS.— By  Forbes  Lindsay.  A  1917  publication  containing;  various  phases 
of  field  work  discussions  in  a  manner  designed  to  afford  aid  and  suggestions  to  the  man  with 
the  rate  book.    Price  10/-. 

PRINCIPLES  AND  PRACTICE  OF  LIFE  INSURANCE.— A  Scientific  Treatise  on  Life 
Insurance,  with  valuable  tables  for  reference.  A  complete  arithmetical  explanation  of  the 
computations  involved  in  the  science  of  life  contingencies,  contains  4^,  4,  3^,  and  3  per  cent. 
American  and  Combined  Experience  Mortality  Tables.  Eighth  edition,  revised,  enlarge! 
and  improved  ;  containing  valuable  new  tables.    Price  100/-. 

PROSPEROUS  AGENT,  THE.— By  William  Alexander.  In  which  he  interestingly  sets 
forth  the  characteristics  of  the  successful  life  insurance  solicitor.    Price  5/-. 

PSYCHOLOGY  OF  A  SALE,  THE.— By  Forbes  Lindsay.  This  publication  is  a  companion 
work  to  "  Efficiency,"  and  treats  of  the  mental  processes  involved  in  a  sale,  handled  in  a 
practical  manner  with  a  strict  avoidance  of  fanciful  theory.    Price  5/-. 

SELECTION  OF  RISKS  BY  THE  LIFE  SOLICITOR.— By  Dr.  C.  H.  Harbaugh.  Giving 
important  instructions  to  agents  for  the  proper  selection  of  insurable  risks.    Price  per  copy,  2/6. 

SPECTATOR,  THE.— An  American  Review  of  Insurance;  Published  Weekly.  Price  20/- per 
annum. 

SYSTEM  AND  ACCOUNTING  FOR  A  LIFE  INSURANCE  COMPANY,  A.  —  By 
J.  Charles  Seitz.  A  practical  guide  on  bookkeeping  and  accounting,  general,  actuarial, 
agency,  medical  and  policy  departments.  It  gives  a  mass  of  details  in  concise  form  by  means 
of  ruled  forms,  descriptions  and  explanations.    Price  £6  5s. 

WHAT  LIFE  INSURANCE  IS  AND  WHAT  IT  DOES. -By  William  ALEXANDER.  A 
primer  for  laymen  and  students.    Price  7/6. 

Write  for  extensive  list  of  canvassing  leaflets. 


C.  &  E.  LAYTON,  56,  Farringdon  Street,  London,  E.G.  4. 
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